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Pe3romeraTa Ha PE€UECH3UPAHUTE nyﬁ.mmamm, Ha 61)J1rapc1cn €3UK H HAa €IUH OT YYKAUTE
€3NI, KOUTO TPAAUINHOHHO C€ MO0J3BaT B CbOTBETHATA HAYYIHA o0JacT

I'pyna B.4. XaOuiuranuoHeH TPy — HAYYHH NMyO0IuKanuu (He mo-mMajako ot 10) B u3ganus,
KOMTO ca pedpepUpaHu U MHAEKCUPAHU B CBETOBHO M3BECTHHU 0a3M OT JaHHU C HAYYHA
uHpopmanus

B.4.1 IlapameTpu4Ha ONTHMHU3ALKS HA eJICKTPOXHAPABJINYHA CEPBO CHCTEMA

EnexkTpoXnuapaBInyHUTE CEPBO CUCTEMH, M3MOJI3BAaHU B MHIYCTPUAIHOTO IPOU3BOJCTBO, CE
XapaKTepu3upaT ¢ OTHOCUTEIHO [IPOCTa KOHCTPYKIIMSL, JIECHA EKCILIOAaTallis U BUCOKA CKOPOCT,
n00pa HaAKTHOCT, (DyHKIIMOHAJIHA 'bBKABOCT U HUCKA ceOecToiHOCT. Benuko ToBa 00ycnas
HEO0OXOUMOCTTa OT M3CJICJIBAHE Ha XapaKTEPUCTUKHUTE Ha €IEKTPOXHJpaBIMYHATa CEPBO
cucreMa Ipead BCUYKO B JMHAMHUYHU DPEeXUMHM Ha paborta. B cratusra ce pasriexnia
MaTeMaTUYeCKU MOJEJ Ha eJIEeKTPOXHIPaBIMYHA CEPBO CUCTEMA C TUITMYHUTE HETMHEHHOCTH.
[TapamerpuunaTa ontumH3anus Ha apTomatnyHus PID perynarop e usBbplieHa Ha Oa3ara Ha
MUHUMU3MpaHe Ha HMHTErPajJHUS KPUTEpUN 3a KAaueCTBO IpPHU CpPAaBHEHUE HA E€TAJIOHHU U
eKCIepUMEHTAIHU NpexoAHu npouecu. [lomyueHure pe3ynraTi ca NpeacTaBeHH B rpaduyuHa

dbopma.

B.4.1 Parametric Optimization of Electrohydraulic Servo System

The electrohydraulic servo systems used in the industrial production are characterized by
relatively simple construction, easy operation and high speed, good reliability, functional
flexibility and low cost. All this demonstrates the need to study the performance of
electrohydraulic servo system primarily in dynamic operating modes. The article studies a
mathematical model of electrohydraulic servo system with the typical nonlinearities. The
parametric optimization of the automatic PID controller was performed on the basis of
minimizing the integral quality criterion when comparing reference and experimental transient
processes. The obtained results are shown in a graphical form.




B.4.2 Unentnduxanmsa u cuHtes Ha Pl perynarop 3a ejeKTpoxXuapaBiu4Ha CEpPBO
cHCTeMa

B HactosmiaTa cratus ce pasriexia apXUTeKTypaTra Ha eJIEeKTPOXUIPABIMYHA CHCTEMaA C
npocenHo ympasieHue. llpencraBeHa e cucrema 3a chOMpaHe W yNpaBleHHE Ha JaHHH,
Oa3upaHa Ha YHUBEPCAJICH U3MEpBaTeIeH Moyt oT cepusita Data Acquisition NI USB-6215 u
Data Acquisition Toolbox™ mna Matlab Simulink. Bb3 ocHoBa Ha ekcrnepuMEHTaIHH
U3CIIe/IBaHMsI € CHHTE3MpPaH W HACTPOEH MaTeMaThyecku Mojen Ha oOekrta. [lokazano e u
YIIPABJICHUETO HA cucTeMara nocpeactsoM Pl perynarop.

B.4.2 Identification and synthesis of PI controller for electrohydraulic servo system

In this paper, the architecture of an electro hydraulic system with throttle control, is examined.
A data collection and control system based on the universal measuring module Series Data
Acquisition NI USB-6215 and Data Acquisition Toolbox ™ from Matlab Simulink, is
presented. Based on the experimental research, a mathematical model of the plant was
synthesized and adjusted. The control of the system through a PI controller, is presented as well.

B.4.3 CpaBHuTe/leH aHAJIM3 HAa Ka4yecTBOTO Ha ymnpasBiaenue mexay Pl m FUZZY
PeryJiaTop Ha eKCIIePUMEHTAIHA eJIEKTPOXHAPABJIHYHA CEPBO CHCTEMA

B Hacrosimata cTtatus € W3BBPIICH CPAaBHUTENIEH aHAIW3 Ha IPOLECUTE, MPOTHYAIIUd B
€JIEKTPOXHIPABIIMYHA CEPBO CHCTEMA C JIPOCEIHO YIPaBJIeHHE, padoTela ¢ pa3InyHN TUTIOBE
perynaropu. IlpeacraBeHa e cuctema 3a chbOuMpaHe W YIpaBlIeHHME Ha JaHHM, Oa3upaHa Ha
YHHUBEpCaJeH HU3MepBaTeleH MoAyl oT cepusara Data Acquisition NI USB-6215 u Data
Acquisition Toolbox™ na Matlab Simulink. Pasrnemanu ca nBa Buaa ympaBiieHHs: ype3
kinacuuecku Pl perymarop u crampmapren HewetniuB (fuzzy) perynarop. IlpencraBena e
METO/IOJIOTHATA 32 CHHTE3 Ha HEYETJIMBOTO YyINpaBlieHHME HAa OCHOBaTa Ha peanusupanus Pl
perynatop. OCBEeH TOBa € HaIllpaBEHO CpaBHEHHE Ha MOKA3aTeInTe 3a Ka4ecTBO Ha cHUCTeMaTa
IpH ABaTa BUa yIpaBlieHHE — ¢ HenpeKbcHAT Pl perynarop u ¢ HedeTsIuB peryaarop, npu JiBa
BXOJIHM TepMa (Tpellika U MPOU3BOJIHA HA TpeliKaTa) U TpU BXOJHHM TepMa (Ipelika, mbpBa
IPOM3BOJIHA Ha TPelIKaTa U MPOU3BOIHA HA U3X0/1a).

B.4.3 Comparative analysis of control quality between PI and FUZZY controller of
experimental electrohydraulic servosystem

In this paper, a comparative analysis of the processes occurring in an electrohydraulic
servosystem with throttle control operating with different types of controllers, has been made.
A data collection and control system based on the universal measuring module Series Data
Acquisition NI USB-6215 and Data Acquisition Toolbox ™ from Matlab Simulink, is
presented. Two types of controls are considered: through a classic PI controller and standard
fuzzy control. The methodology for synthesizing the fuzzy control on the basis of the realized
PI controller is presented. In addition, a comparison of the quality indicators of the system with




the two types of control with continuous PI controller and fuzzy controllers is made, with two
input thermals (error and error derivative) and three input thermals (error, first error derivative
and output derivative)).

B.4.4 KunemaTudeH MojieJ1 1 AHAJIU3 HA aHTPONIOMOPG¢eH poOOTH3NPAH NPHCT

B cratusta e mpenacraBeH pa3paboTeH aHTponoMopdeH poOOTH3MpaH MPBCT U HEroBaTa
CHOCOOHOCT Ja H3IBJIHABA CIOXHM MAaHMIYJAUMM KaTo 4YacT OT poOOTH3MpaHa pbKa.
OmnpezneneHu ca MpeAUMCTBATa U HEIOCTAThLIUTE HA TO3U THIT MaHUITyIaTopu. Upe3 xubpuaex
IOAXOJ € W3BEINCH KHMHEMaTH4eH MOJeJ Ha cucremara. lIpeacraBeHnm ca OCHOBHUTE
(YHKIMOHATHHM 3aBUCHMOCTH Ha TUPEKTHUS W OOpaTHUS KHMHEMaTHYeH MOJell. AHATU3BT €
U3BBpIICH Ha Oa3zata Ha AudepeHLualHa KUHEMAaThKa M pabOTHOTO MPOCTPAHCTBO Ha
MaHunyJjaTopa. Pa3paboreHara cucrema € TeCTBaHa IpPU U3IBbJIHEHUE HA Pa3IMYHU 3a7aud,
KaTo ca MpeACTaBeHU I'paMuHU PE3yNITaTH 3a HAKOM OT TAX, JOKa3Ballld OCOOEHOCTHTE IpU
YOPaBJIEHUETO HA TO3U TUI pOOOTU3UPAHU CUCTEMH.

B.4.4 Kinematic model and analysis of an anthropomorphic robotic finger

The article represents developed anthropomorphic robotic finger and its ability to perform
complex manipulations as a part of a robotic arm. The advantages and disadvantages of this type
of manipulators are defined. Using a hybrid approach, a kinematic model of the system is
derived. The main functional dependences of the forward and inverse kinematic model are
derived. The analysis is made on the basis of differential kinematics and the workspace of the
manipulator. The developed system has been tested while performing various tasks and
graphical results for some of them are presented, proving the peculiarities of the control of this
type of robotic systems.

B.4.5 Po6acTHO ynpaBJieHHE HA €JIeKTPOXHIPABIMYHA CEPBO CHCTEMA

B crarusra e pasrienaH OmuT 3a CUHTE3 Ha pOOYCTHO YIpaBJ€HHME Ha €JIEKTPOXHApaBINYHA
cnensuia cucrema. HenuueiliHocTTa Ha 00€KTa € MpeAcTaBeHa 4pe3 €KBUBAJICHTEH JIMHEEH
MOJIe] B IIPOCTPAHCTBOTO HAa CBHCTOSHUATA ChC CTPYKTypHpaHa HeomnpezaeneHocT. Hsakou ot
HETOYHO W3BECTHUTE MapaMeTpu ca BbBEJIEHM KaTo W3TOYHMIM Ha CTPYKTypHpaHa
HeonpeneneHocT. M3pppmen e omur 3a Hoo cuHTE3 Ha perymatop ¥ ca IHpPOBEACHU
CUMYJIALIMOHHM EKCIIEPUMEHTH C HEIMHEHHUs Mojen. Pesynratute OT cuMyJlanpaTra Ha
cucTeMaTa C NpeJIOKEHUs POOYCTEH peryiaTtop ca CpaBHEHH C JaHHM, IOJyYE€HH MpH
yIpaBJI€HUE Ha peanHaTa cuctema ¢ BrpajeH Pl perynarop. AHanu3bT Ha IPEXOJHUTE MPOLECH
nokasBa mojo0peHa e(eKTUBHOCT M CTAa0MIHOCT B paboTara Ha eNeKTPOXUApaBIMYHATA
cucreMa B cpaBHeHHe ¢ Pl ynpaBiieHne npy ChIIMTE EKCIJI0ATALIMOHHH YCIOBHSL.




B.4.5 Robust Control of Electro-Hydraulic Servo System

An attempt to synthesize a robust control of an electro-hydraulic tracking system is discussed
in the paper. Object nonlinearity is represented by an equivalent linear model in a state space
with structured uncertainty. Some of the imprecisely known parameters are introduced as
sources of structured uncertainty. An Hoo synthesis of a regulator has been attempted and
simulation experiments have been carried out with the nonlinear model. The results of the
simulation of the system with the proposed robust controller are compared with the data
obtained when controlling the real system with a built in PI controller. Transient analysis shows
improved performance and stability in the operation of the electro hydraulic system compared
to that with PI control under the same operating conditions.

B.4.6 U3cienBaHe Ha BJIMSIHMETO HA TeMIlepaTypara Ha pa0dOTHATA TEYHOCT BbPXY
XapPaKTePUCTUKHUTE HA eJIEKTPOXUIPABINYHA CEPBO CHCTEMA B IMHAMUYEH PEKUM

B crarusra ce pasrimexnaa BIMSHHETO Ha TemIiepaTypara Ha paboTHaTa TEUHOCT BBPXY
EHEpruiiHUTE 3aryOu B €IEeKTpOXUJIpaBInyHA cepBO cuctema. [loBeneHHeTo Ha cuctemara e
U3CIIEIBAHO MPH MPONopHHoHaTHO-uHTerpanHo (PI) ynpaBienue npu pa3iuyHu TemMrnepaTypu
Ha paboTHaTa TEYHOCT W Pa3JIMYHMU 3a/JaJ€HU CTOMHOCTU Ha ynpasiieHue. CHUHTE3UpaH €
apantuBeH PID perymarop, koiTo u3non3Ba oOpaTHa Bpb3Ka OT CEH30PH 3a M3MEpBaHE Ha
pa3IMYHM MapaMeTpy Ha CUcTeMaTa (KaTo TeMIleparypa, HajsiraHe 1 000pOTH ), U BITOCIICICTBUE
agantupa napamerpure Ha P, | 1 D xomnoneHTuTe Ha peryinaTopa Bb3 OCHOBA Ha T€3H JIaHHH,
3a J1a ce MOCTUTHE ONTUMAJIHA PeryJialusl.

B.4.6 Studying the influence of working fluid temperature on the performance of an
electrohydraulic servo system in dynamic mode

The paper examines the influence of the working fluid temperature on power losses in an
electro-hydraulic servo system. The behavior of the system has been investigated under
Proportional-Integral (PI) control at different working fluid temperatures and various control
setpoints. An Adaptive PID controller has been synthesized, utilizing feedback from sensors to
measure various system parameters (such as temperature, pressure, and RPM), and then
adapting the parameters of the P, I, and D components of the controller based on this data to
achieve optimal regulation.

B.4.7 IlpeBK/IIOYBALI0 MHOTOPEryJATOPHO YIIPaBJIeHHE HA eJIEKTPOXUAPABJIMYHA CEPBO
CHCTEeMA

B cratuiata € TNpeNIOKEHO MPEBKIIOYBANIO0 MHOTOPEryJaTOpPHO  YIIpaBICHHE Ha
EJIEKTPOXUIPABIMYHA CEPBO CUCTEMA C APOCEIHO peryiupane. Pasrienana e apxurekrypara
Ha MHOTOPETYJIaTOPHOTO YIIpaBJIeHHE, ChCTOSALIA Ce OT TpH Kiacuuecku perynaropa (PID1, P12,
PI3), mpenHa3zHaueHW 3a pa3nuyHM OOJACTH HAa M3MEHEHHE Ha 3aJaJIeHHsl CUTHAJ, KaKTO U




JIOTMKaTa Ha PEeBKI0OUBaHe MEKIY TAX. OOChIeHU ca OCHOBHUTE NTPOOJIEMH, Bb3HUKBAILU ITPU
W3MO0JI3BaHETO HA TaKbB THUIl YIPABICHUE, U € M3BBPILICH aHAIW3 HAa yCTOWYMBOCTTA HA
3aTBOpeHara cucreMa. [IpencraBenu ca HAKOM MaTEMAaTUYECKU 3aBUCUMOCTH U onucanus. Ypes
U3II0JI3BaHE HAa YHUBEPCAICH M3MEpBaTeNieH M YIPaBIsABaIl MOIYJ Ca IMOJy4YeHU rpadudHu
pe3yJITaTH 3a Ka4eCTBOTO Ha IPOEKTUPAHOTO yIpaBiieHHe. EkcrniepuMeHTalHO ca JoKa3aHu
nOpeJrMCTBaTa Ha TO3HM THII YIPABICHHE, KaKTO W IpOsBaTa Ha JONBJIHUTEIHH POOYCTHH
CBOICTBA HAa CUCTEMATA.

B.4.7 Switching Multi-regulator Control of Electro Hydraulic Servo System

The paper proposes a switching multi-regulator control for an electro-hydraulic servo system
with throttle regulation. The architecture of the multi-regulator control, composed of three
conventional regulators (PID1, P12, PI3) for different regions of the setpoint signal variation
and switching logic, is discussed. The main issues arising from the use of such control are
considered, and an analysis of the stability of the closed-loop system is conducted. Some
mathematical formulas and descriptions are presented. Using a universal measurement and
control module, graphical results for the quality of the designed control are obtained. The
advantages of this type of control and the emergence of additional robust qualities of the system
are experimentally proven.

B.4.8 Ilpunoxenne Ha moauduuupan mHoronapamerpuuen PID peryaatop 3a
yIIpaBJieHHE HA eJIeKTPOXUAPABJINYHA CEPBO CHCTEMA

B cratusta e OpCAJIOKCHO MNPCBKIOYBAIIO MHOIOmapaMEeTpuiHO  YIIPABJICHUC Ha
eJIEKTPOXUIPABINYHA CEPBO CHCTEMa C JIPOCETHO perynupaHe. Pasrienana e apXuTekTypara
Ha MISO (Multiple Input Single Output) ympasnenue, chcTosima ce oT kimacuuecku PID
perynarop, OeHCTBall B KaHalla 3a yNpaBJeHHE MO OTKJIOHeHue, u HeuetnuB (fuzzy) PID
perynarop, neWcTBaml B KaHaja 3a Bb3ACHCTBUA. OOCHIEHHM ca OCHOBHUTE MPOOJIEMH,
BB3HUKBAIIM TPU HU3MOJI3BAHETO Ha TO3W THUN YMpaBieHHWE, U € H3BBPIICH aHalu3 Ha
YCTOMYMBOCTTA Ha 3aTBOpEHaTa cucreMa. Upe3 yHUBEpcalieH M3MepBaTelieH W YIPaBIIsBAILl
MOJIyJI ca TMOJy4YeHH rpaduuHu pe3ynTaTH 3a KayecTBOTO Ha MPOEKTUPAHOTO YIpaBIICHUE.
ExcniepruMeHTaIHO ca JEMOHCTpUpAHU IPEAMMCTBaTa Ha TO3W THUIl YNPABICHHE, KAKTO M
MposiBaTa Ha IOMBIHUTEHN POOYCTHHU CBOWCTBA HAa CHCTEMATa.

B.4.8 Application of a Modified Multiparametric PID Controller for Control of an
Electrohydraulic Servo System

The paper proposes a switching multiparametric control for an electrohydraulic servo system
with throttle regulation. The architecture of a MISO (Multiple Input Single Output) control is
considered, consisting of a conventional PID controller operating in the deviation control
channel and a fuzzy PID controller operating in the disturbance channel. The main issues arising
from the use of this type of control are discussed, and an analysis of the stability of the closed-
loop system is conducted. Graphic results for the control quality of the designed system are
obtained using a universal measurement and control module. The advantages of this type of




control and the manifestation of additional robust qualities of the system are experimentally
demonstrated.

B.4.9 CuHTe3 HA MOJEJTHO-NPOTHOCTUYHO YNPAaBJIeHHE HA €JIeKTPOXHAPABJIMYHA CEPBO
CHCTEMA C U3M0JI3BaHe HA OPTOHOPMAJIHU (PyHKIMHU

B craruara e mpenacraBeHa pealn3anusATa Ha PErysNaTop 3a MOJEITHO-IPOTHOCTUYHO
yrnpasieHue B HenpekbcHaTo BpeMe (Continuous-Time Model Predictive Control, CMPC) 3a
yIpaBJIeHUE HA EIEKTPOXHPABINYHA cepBO cucTema. OOEKTHT Ha yIpaBlieHHE € U3IMUTEH
CTEHJ, ChCTOAII CE OT TPU MOJIyJia U KOMIIIOThPHA CHUCTEMa 3a ChOMpaHe Ha JTaHHH WU
ynpasienue. Cucremara € MOJEIMpaHa B MPOCTPAHCTBO Ha CBHCTOSHHATA C OTYUTAHE Ha
napaMeTpuuHu HeomnpeneneHocTn. CHUHTE3bT Ha MOJICITHO-MIPOTHOCTUYHMS PEryjaTop ce
W3BBpINBA Ype3 AanpoOKCHMAIlMs Ha YNpaBisgBallus CUTHAT ¢ momomira Ha JlarepeBu
opToHOpMaNTHU QyHKIMH. B cTaTusaTa ca BKIFOUYEHH MAaTeMaTHYECKU OPMYIIH B 3aBUCUMOCTH,
WIIOCTPHPAILH [TOIX0a 3a Mojieniipane. [IpoBeienn ca cuMyanuy 1 aHaiau3 Ha poOyCTHOCTTa
Ha 3aTBOpeHara cuctema. Upe3 cucTeMa 3a YIpaBlieHHE B PEaJHO BpEME ca IOIy4YCHH
EKCIIePUMEHTAITHYU JIaHHU W TrpaduKu, TeMOHCTpHUpany e(eKTHBHOCTTA W ONTHMAITHOCTTA Ha
CHUHTE3MPaHUsI KOHTPOJICH MOJIXO/I.

B.4.9 Synthesis of Model Predictive Control for an Electrohydraulic Servo System Using
Orthonormal Functions

The paper presents the implementation of a Continuous-Time Model Predictive Control
(CMPC) regulator for controlling an electrohydraulic servo system. The control object is a test
bench consisting of three modules and a PC-based data acquisition and control system. The
system is modeled in state-space form, accounting for parametric uncertainties. The synthesis
of the model predictive controller is performed by approximating the control signal using
Laguerre orthonormal functions. The article includes mathematical formulas and relationships
that illustrate the modeling approach. Simulations and robust analysis of the closed-loop system
are conducted. Through a real-time control system, experimental data and graphs are obtained,
demonstrating the performance and optimality of the synthesized control strategy.

B.4.10 Ilpunarane Ha u3KycTBeH HHTeJeKT B RAD mnpunoxenume B oOJsacrra Ha
HHAYCTPpHAJIHATA aBTOMATHU3AlIUA

B crarusta ce pasriexnaaT MoIXOAM 3a BHEApsSBaHE Ha (YHKIIMOHATHOCTH Ha W3KYCTBEH
uHTenekT (Al) B cpenu 3a 6bp3a pa3paborka Ha npuiioxkenus (Rapid Application Development,
RAD). U3cnenBaneTo akieHTHpa BBPXY MpEeIUMCTBATa HAa M3IPAXIAHETO HA KOMITIOTHPHH
KOHTPOJIHU cucTeMu upe3 RAD npunoxeHnus, Kato ce B3eMar Mpe/BHU]l KaKTO CKOPOCTTa Ha
pa3paboTka, Taka U T'bBKaBocTTa. [Ipernexnar ce m ce mpeiarat pa3id4yHU CTpATETHH 3a
uHTerpupane Ha Mozaenu Generative Pretrained Transformers (GPT) B xommioTbpHU
MH/IyCTPHAIHU KOHTPOJIHU cucTeMHU. [IpeicTaBeHn ca KOHKPETHU NMPOrpaMHH pealn3aliy Ha




e3uny 3a BucokomnpousBoautennu u3uucienus (HPC) kato C++ u Python, mmoctpuparnim
NPaKTUYECKUTE METOAU 3a ocurypsBaHe Ha Al QyHKIMOHAIHOCTH B MHIYCTpUAlHA Cpeaa.
[IpoBeneH e cpaBHUTENIEH aHAIU3 Ha 0a3ara Ha KIIOYOBU KPUTEPHH, BKIIOYUTEIHO CII0XKHOCT
Ha UMIUIEMEHTALUATA U BpEME 3a U3I'BJIHEHUE NIPU U3MpallaHe U M10JIy4aBaHe Ha OTTOBOPU OT
GPT wmopenute. BanuaupaHero € HM3BBPUIEHO 4Ype3 3a/Jayd, CBBP3aHM C KOHTPOJI Ha
TEXHOJIOTUYHU TpoIecH, ¢ (hoKyc BbpXy HacTpoiika Ha PID perynatopu u uaeHTudukanys Ha
CUCTeMH upe3 mpuMepHH mporecu. CtaTusita oOCHXKIa NMPEAU3BUKATEICTBATa U MOJI3UTE OT
pa3IMYHUTE METOJM 3a MHTETrpalus U MPerocTaBs NMPAaKTUYECKH HACOKU 3a M300p Ha Hai-
e(eKTUBHHUSI ITOIXO0]1 B PEAJTHU MPUIIOKECHHUSI.

B.4.10 Implementing artificial intelligence in a RAD application in the field of industrial
automation

In this article, approaches for implementing Artificial Intelligence (AI) functionalities into
Rapid Application Development (RAD) environments are explored. The study emphasizes the
advantages of building PC-based control systems through RAD applications, considering both
speed of development and flexibility. Various strategies for integrating Generative Pretrained
Transformers (GPT) models into PC-based industrial control systems are reviewed and
proposed. Specific programming implementations in high-performance computing (HPC)
languages such as C++ and Python are presented, illustrating practical methods for enabling Al-
driven functionalities within industrial environments. A comparative analysis is conducted
based on key criteria, including implementation complexity and the execution time for sending
and receiving responses from GPT models. Validation is performed through tasks related to
technological process control, focusing on PID controller tuning and system identification using
example processes. The paper discusses the challenges and benefits of different integration
methods and highlights practical guidelines for choosing the most effective approach in real-
world applications.

B.4.11 Ilpunarane Ha U3KYCTBEH MHTEJEKT B KOMIIOTHPHO 0a3MPaHO NMPUJIOKEHHe 3a
yIIpaBJIeHHE HA COJIAPHA CHCTeMa

B craTusTa e mpeacraBeHa KOMIIOTHPHO Oa3upaHa CUCTEMa 3a yIpaBJIeHUE M MOHUTOPUHT Ha
¢oroBonranyna (PV) conmapna cucrema. IlpemnoxkeHa e apXuTeKTypa, OCHOBaHa Ha
NPUHLMIINTE Ha M3KyCTBeHMs] uHTeNeKT (Al) B koHTponmHata Bepura. Paspaborenata Al
cucTeMa € MpOoeKTUpaHa Jia MoJo0pu epeKTUBHOCTTA Ha YIPABJICHUETO Ype3 aJlanTHpaHe Ha
nmapamMeTpuTe, KaKTO ¥ Jia TIPEJAOCTaBH HOBH BB3MOXKHOCTH 33 ONTHMHU3AIUA. Te3n
(YHKIIMOHAIHOCTH Ca BKJIIOUEHHU B pa3zpaboTeHHs coPpTyep, KaTo € MPEeTOCTaBEeHO MOIPOOHO
ormucanne. Cucremara € TeCTBaHAa 4Ype3 pealM3upaHe Ha KOMYHHKamus Mexay RAD
NpUIOKEHWE U cuMynanmuoHeH moxaen B cpemata MATLAB/Simulink. CumynanuoHHUST
MOJIENT BKITIOYBA Pa3IIMpPEeH HaOOp OT TMOJCHCTEMH C IIeNl M3CIIeJBaHE Ha 3aBHCHMOCTUTE U
BJIIMSIHUETO Ha BCSAKA OT TsX. Pe3ynrature oT cuMymanusara nokassat, ue komounausra or GPT
MOJIENl 3a JWHAMHYHO OIpeNeNssHe Ha MapaMeTpuTe Ha peryliaTopa BOAW JO MO-1o0pa
crabmin3anuss Ha PV MomHocTTa M IpssiocTHata paboTa Ha cuUcTeMara Npu JUHAMUYHU
IIPOMEHU B CIIbHUEBATA pajuanus, kKato ce noctura epekruBHocT oT 98,12%. PazpaboTkaTta u




U3CIEABAHETO IOTBBPXKAABAT IOTEHUMANa Ha Bb3Ipou3Bogumuss Al 3a MHTEIUIEHTHO
yhpaBjieHuEe Ha BH300OHOBSEMH CHEPTMHHHM M3TOUHUIIM, NMPEIOCTABSIMKM HACOKH 3a ObIeIn
oJ00peHus B MHLyCTpHAIHATA aBTOMATU3aLUsl U €HEPTUIHU CUCTEMH Ype3 HaArpaXKaaHe KbM
CaMOCBH3HATEIHU UHTEIUTCHTHY CUCTEMH 34 YIIPABJICHHUE.

B.4.11 Implementation of artificial intelligence in a PC-based application for
controlling a solar system

The paper presents a PC-based system for control and monitoring of a PV solar system. An
architecture based on the Al principle in the control loop is proposed. The developed Al system
is designed to improve the use of control efficiency by adapting the parameters, as well as
providing new optimization opportunities. These functionalities are included in the developed
software, and a detailed description is provided. The system is tested by implementing
communication between a RAD application and a simulation model in a MATLAB/Simulink
environment. The simulation model includes an expanded set of subsystems in order to study
the dependencies and influence of each of them. The simulation results show that the
combination of a GPT model for dynamic determination of the controller parameters leads to
better stabilization of the PV power and the overall system performance under dynamic changes
in solar radiation, achieving an efficiency of 98.12%. The development and research confirm
the potential of reproducible AI for intelligent management of renewable energy sources,
offering guidelines for future improvements in industrial automation and energy systems, by
upgrading to self-aware intelligent control systems.

I'pyna I'.8. Hayuyna ny0iukanusi B Hepedepupany ClIUCAHUSA C HAYYHO pelleH3UpaHe WIN B
PelaKTHPAHU KOJIEKTUBHU TOMOBeE

I'.8.1 MHTe/IMreHTHA CHCTEMA 32 OPMEHTHPAHE HA 1eTAWIHN

B crarusdra e onucana cucteMa 3a OpMEHTUPAHE Ha JAETalluli B IPOU3BOACTBOTO. PazpaboTkara
Ha Ta3W CHUCTEMa M€ MMa 3HAYUTEIHO HMKOHOMHUYECKO BB3JCUCTBHE M 1€ IOANOMOIHE
HHIYCTPHUSATA YPE3 NPUIaraHeTO Ha HOBU TEXHOIOIUH.

I'.8.1 Intelligent system for orientation of parts

The article describes a system for orientation of details in production. The development of this
system will have a large economical impact and will support the INDUSTRY by the putting
into practice of new technology.




I'.8.2 U3noa3BaHe HA cUCTEMA 32 MAIIIMHHO SpEHHE 3a CJICACHC IIJIAaBAHETO HA nTeYaT

B cratusra ce pasricKaaT OCHOBHUTC IMOCTAHOBKH, CBbP3aHU C M3II0JI3BAHCTO HA CUCTCMU 34
MAalllMHHO 3pC€HHUEC 3a CICACHC Ha IIaBaHCTO HaA I1€4ar. AKI_IGHTI/Ipa CC BbPXY p€Anlia KIIFOYOBU
MOMCHTH HPHU MPUITAraHCTO Ha TO3H IMOAXO0MA, U3BCACHU Ca MATCMATHYCCKU 3aBUCUMOCTHU U Ca
(bOpMYJ'II/IpaHI/I CbOTBCTHUTEC 3aKJIIOYUYCHUS. Ha6J’IIO,I[aBaHI/I Ca HAKOJIKO ClIy4das Ha TI'pCIIKH,
XapPaKTCPHHU 3a CUCTCMHUTC 3a MAIIMHHO 3PpCHUC, KATO Ca aHAJIU3UPAHU CHGI_[I/I(I)I/I‘IHI/I IMPpUYNUHHO-
CJICACTBCHHN BPB3KHU.

I'.8.2 Using machine vision system for tracking the floating printing

The paper reviews of principal formulations related to issue with using machine vision systems
for tracking of the floating printing. A number of key moments related to the use of this approach
are accentuated, similarly mathematical correlations are evolved, and relevant conclusions
made. A number of error cases inherent to the machine vision systems have been observed and
specific causal relations analyzed.

I'.8.3 OkauecTBsiBaHEe HA XPAHUTEJIHH MPOAYKTH C HEBPOHHA MpesKa

B cratusaTa e mpeacTaBeHO HU3CIEABAaHE HA MPOMEHHUTE B CHCTOSHUETO HA XPaHUTEITHU
MPOJIYKTU TI0 BPEME Ha TAXHOTO chbxpaHeHue npu 4°C. 3a u3ciaeABaHETO ca U3MOJI3BAHU TPH
Buaa Meco. CprOpaHUTe TaHHU ca U3IOJI3BAaHU 3a yCIelHo o0y4YeHrne Ha HEBPOHHA Mpexa 3a
pasmno3HaBaHe IO THUI MPOJIYKT U MEPUOJ HAa ChbXpaHEHHUE. 3a M3CIICIBAHETO € M3IO0JI3BaHa
KOMIIOThPHA CHUCTEMa 3a ChOMpaHe Ha JaHHHM M MOIYyJ C Tra30BU CEH30pH, Oa3zupaH Ha
metanokcuaau cenzopu Umweltsensortechnik GmbH (UST), I'epmanus. CrOpanute qaHHu ca
knacupumpand M 00pabOTEeHH upe3 H3KYyCTBEHa HEBPOHHAa Mpexa. Bb3 ocHoBa Ha
pazpaboTeHUs KIACH(PUKAIMOHEH MOAYJ TOYHOCTTAa Ha WACHTU(HKANMs Ha TpoouTe
HaaxBbpis 86%.

I'.8.3 Food qualification with neural network

In the article a study of change registered in the status of food products during their storage at
40C is presented. Three types of meat were used for the study. With data obtained neural
network for recognition by type and period of storage was successfully trained. A computer-
based system for data collection and gas sensor module based on Umweltsensortechnik GmbH
(UST), Germany metal oxide sensors were used for the study. The data collected was classified
and treated with an artificial neural network. Based on the classification module developed the
obtained identification of samples is more than 86%.

H I'.8.4 KonrtpoJiep 3a ynpaBJjieHrne Ha BUOPOOYHKep




B crartusta e mpeacraBeH cCHeNMaTHO pPa3padOTEH KOHTPOJEp 3a BUOpPAIMOHEH OyHKEp.
KontponepsT e 6a3upan Ha MOJIEPEH 8-OMTOB MUKPOKOHTPOJIEP U € CIIOCOOEH /1a KOMYHUKHUPA
u oOMeHs maHHM ¢ KommioThp 4pe3 USB wunTepdeiic. PazpaboTeHUAT KOMYHHKAIIMOHEH
MPOTOKOJ T03BOJISIBA JUCTAHIMOHHO YIPABIEHWE M MOHUTOPUHI Ha CbCTOSHHETO Ha
BUOpaIMOHHUS OYHKED.

I'.8.4 Development of controller for vibratory feeder

This paper presents a specially developed controller for vibratory feeder. The controller is based
on a modern eight-bit microcontroller and it is able to communicate and exchange data with a
PC using the USB interface. Developed communications protocol enables remote management
and monitoring of the status of vibratory feeder.

I'.8.5 Pa3paGorBaHe Ha BHpPTyaJleH HHCTPYMEHT 32 MOHHMTOPMHI Ha PE30HAHC Ha
BUOpPOOYHKep

B Hacrosiara craTus € nmpecTaBeHa pa3padoTKara Ha BUPTYaJleH HHCTPYMEHT 38 MOHUTOPUHT
Ha PE30HAHCHOTO CHhCTOSIHUE HA KyIH Ha BUOPAIIMOHHH OyHKEpH. YTIpaBIEHUETO HA KyTaTa Ha
BHOPOOYHKepa ce OCHILIECTBSBA Ype3 CHELUATHO Pa3pabdoTeH KOHTPOJIEp ¢ cepreH uHTepdeiic.
Upes to3u unTepdeiic ce unonza LabVIEW Buprtyanen uncrpyment (VI) 3a crbupane u
aHanu3 Ha AaHHd. C momornra Ha To3u VI MOXe 11a ce OLIeHH MPUIIOKeHATa alrOpPUTMHUKA 32
OTKPHBaHE HA PE30HAHC U JIa C€ KOHTPOJIMPAT IMapaMeTpH KaToO YeCcTOTa, TOK U HAIPEKEHHE,
10/IaBaHU KbM KyInaTa Ha BUOpOOyHKepa.

I'.8.5 Development of virtual instrument for monitoring of resonance of vibratory feeder
bowls

Current paper presents the development of virtual instrument for monitoring of resonance state
of vibratory feeder bowls. The control of vibratory feeder bowl is realized with custom
controller with serial interface. Using this interface a LabVIEW VI is used for data acquisition
and analysis. With the help of this VI can be evaluated the implemented algorithm for resonance
detection and can be controlled such parameters as frequency, current and voltage supplied to
vibratory feeder bowl.

I'.8.6 Cucrema 32 OTYMTAHE IPOU3BOAMTEIHOCTTA HA TPY/AA B PeajilHO BpeMe

B cratuara ce pasrnexna npunoxkenue Ha ESP32 3a peanusupaHe Ha cHCTEMH 3a
aBTOMATHU3MPAHO OTYMTAHE Ha CTENEHTA Ha M3IMOJI3BaHE HA MPOU3BOJICTBEHUTE MOIIHOCTH B
peanHo BpeMme. IIpenno’keHo € TEeXHMYECKO pEIIEHHE 3a JUCTAHIMOHHO YIPABIEHUE U
MOHMTOPUHI Ha TMPOM3BOJICTBEHHUS MPOIEC B TEKCTUIHA KOMIAHHUS 4Ype3 CHelHalu3upaH
MOJTyJI, KOWTO M3Mpalla JaHHU 33 U3Pa3Xx0/IBaHOTO BpeMe KbM OTAalieueH chbpBbp upe3 Wi-Fi,




LAN wm Bluetooth. Ilomyuenata wHboOpMamus ce U3MOJA3Ba 3a yIpaBJICHUE HaA
IIPOM3BOJICTBEHHS IPOLIEC B PEAJHO BpEME U 3a OIpElNEIsiHE Ha Bb3HArpakJI€HUETO Ha
pabOTHHIIHTE.

I'.8.6 System for automatic reporting a labour productivity in real time

In this paper, an ESP32 application in implementing systems for automated reporting of the
utilization rate of production capacities in real time is considered. A technical solution of remote
control and monitoring of the production process in a textile company, through a dedicated
module for sending the time spent on a remote server via Wi-Fi, Lan or Bluetooth is proposed.
The obtained information is used to control the production process in real time and
determination of the remuneration of workers.

I'.8.7 Ilpniio:keHue Ha esp32 B cucTeMa 3a OTYUTAHE NMPOU3BOJAMTETHOCTTA HA TPyJAa B
peajiHO Bpeme

B crartuara ce pasriexnaa npuioxenue Ha ESP32 3a peanusupane Ha cucreMu 3a
ABTOMATHU3HUPAHO OTYMTAHC HA CTCIICHTA HA M3II0JI3BAHC Ha MPOU3BOACTBCHHUTC MOIIHOCTHU B
peanmHo Bpeme. Ilpenno’keHO € TEXHMYECKO pelIeHHEe 3a JUCTAHIIMOHHO YIpaBlIEHUE U
MOHUTOPHHI' Ha HNPOU3IBOACTBCHHA HNPOLCC B TCKCTUJIIHA KOMIIAHWA 4YpE3 CICHHAIIN3UPaH
MOJTyJI, KOWTO M3Mpalla JaHHH 32 U3Pa3X0JIBaHOTO BpeMe KbM OTHaneueH chbpBbp upe3 Wi-Fi,
LAN wm Bluetooth. Ilomyuenata wuHbopManus ce U3MOJ3BAa 3a YNpaBICHHE Ha
MIPOU3BOJICTBEHHS MPOLIEC B PEallHO BpeME U 3a OMpeleisHe Ha Bb3HArpakJIeHUETO Ha
pabOTHUIHUTE.

I'.8.7 Application of esp32 in automated real-time production capacity utilization systems

In this paper, an ESP32 application in implementing systems for automated reporting of the
utilization rate of production capacities in real time is considered. A technical solution of remote
control and monitoring of the production process in a textile company, through a dedicated
module for sending the time spent on a remote server via Wi-Fi, Lan or Bluetooth is proposed.
The obtained information is used to control the production process in real time and
determination of the remuneration of workers.

I'.8.8 PobacTHO ynnpaB/ieHHEe Ha ABOMHOACHCTBAILA BOJHA TYPOHHA

B crarusra e pa3paboTeH MaTeMaTH4eCKU MOJIEN, ONUCBAILl paboTaTa Ha KPCTOCAHO-TIOTOYHA
BoJHa TypOuHa. CuHTe3upaH € poOycreH perynarop upe3 Hoo TexHuku, ¢ men 3amsHa Ha
KOHBEHIIMOHAJIHUS peryjaTop Ha BoAHara TypOuHa. IIpexoaHuTe mporecu B cucremara ca
CpPaBHEHHU C Te€3M, IIpM KOWUTO ce u3noi3Ba kiacnuecku PID perymarop. Cumynanuure ca
npoBeieHu ¢ nomomra Ha MATLAB, a monyuyeHuTe pe3ysTaTH IOKa3BaT, 4e oOmrara




MIPOM3BOIUTEIIHOCT Ha CCTEMaTa MOe J1a 0b/1e moo0peHa upes mnpeanoxkeHoro Hoo podyctHo
yIpaBJICHUE.

I'.8.8 Robust control of cross-flow water turbine

A mathematical model describing the operation of the cross-flow water turbine has been
developed in this paper. A robust governor has been synthesized using Hoo techniques to replace
the conventional governor of the water turbine . The transient processes in the system are
compared to the processes where the classical ITN]] controller is used. The simulations are
carried out using MATLAB and the results show that the overall system output performance
can be improved using the proposed Hoo robust governor.

I'.8.9 U3ciienBane Ha npoueca Ha KaJIuOpUpaHe HAa KaMepa NMOCPeACTBOM MHAYCTPHAJIEH
podoT — yact 1

B crarusra e npeacTaBeH OCHOBHUSIT MIPUHITUIT HA KaTuOpHUpaHe Ha Kamepa upe3 poOoTHU3UpaHa
cuctema. PazpaboTena e mbiiHa cucTema 3a peaju3upane Ha MeTojia Ha Zhang 3a kanuOpupase.
Onucanu ca OCHOBHHUTE MPOOJIEMHU MPU M3IMOI3BAHETO Ha HHIyCTpuainHus podoT Fanuc
LRMate 200iD 4S u neroBoto nmporpamupane. [lonyden e nupexteH U oOpaTeH KHHEMaTuieH
MoOJ1€J1, KaTo MPOOJIEMBT ChC CUHTYJISIPHOCTTA MPHU TEKYyIlaTa 3ajaya € pelleH Yype3 MeToJa Ha
Denavit-Hartenberg. IIpeacraBena e kunematuynara ctpykrypa, D-H mapamerpure u Hsikou
OCHOBHU 3aBHCHUMOCTH ¥ (popmyrnu. Bepudukamnusara Ha Moesna € U3BbPIICHA Ype3 CpaBHEHUE
C HyJIeBaTa MMO3UIIMs HA peasHus poOoT.

I'.8.9 Study of calibration process of camera through industrial robot — part 1

In this paper, a basic principle of camera calibration through robotic system is presented. A
complete system has been developed to implement the Zhang calibration method. The main
problems of using the Fanuc LRMate 200iD 4S industrial robot and its programming are
described. A straight and inverse kinematic model, solving the problem of singularity in the
current task is obtained by the method of Denavit-Hartenberg. The kinematic structure, D-H
parameters and some basic relations and formulas are given. Verification of the model has been
made by comparing the zero position of a real robot.

I'.8.10 U3ciienBane Ha npoueca Ha KaJIHOpUpaHe HA KaMepa MOCPEACTBOM HHAYCTPHAJICH
poboT — yact 2

B crarusra ca NpeaACTaBCHU JaHHU 3a M3IBJIHCHHECTO HAa MHOIOKOMIIOHCHTHa CHCTEMa 3a
KanuOpupaHe Ha kaMmepa. PazpaboreHara cucrema ce ChCTOU OT MHIycTpHuaieH poboT Fanuc
LRMate 200iD 4S, mukpomnporecopHa cucrema Ha 6a3ara Ha ESP32 u xommioTbpHa cuctema
3a MalIMHHO 3peHue. M3mon3BaHa e IbBKaBa TEXHMKA 32 KaJHMOpHpaHe, peau3upalia MeTo1a




Ha Zhang. JlaxeHo e kpaTko onucaHue Ha Pinhole Monena Ha kamepaTa ¥ U3MOA3BaHUS METO/
3a kanuOpupane. [IpencraBenn ca rpaduky U U300paKeHHsI HA OCHOBHHUTE €Tanu OT paboTaTta
Ha cucreMara. [loka3aHu ca pe3yiTaT 3a Ka4eCTBOTO Ha KaJIMOPHPAHETO Ha Kamepara M ca
W3BEJICHU HIKOW OCHOBHH (DYHKIIMOHATHU 3aBHCHMOCTH.

I'.8.10 Study of calibration process of camera through industrial robot — part 2

In this paper, performance data of a multi-component camera calibration system is presented.
The developed system consists of an industrial robot Fanuc LRMate 200iD 4S, a microprocessor
system based on ESP32 and a PC-based machine vision system. Flexible calibration technique
is used, implementing Zhang's method. A brief description of the Pinhole model of the camera
and the used calibration method is given. Graphics and pictures of the main stages of system
operation are shown. Results for the quality of the camera calibration are presented and some
basic functional dependencies are derived.

I'.8.11 Ilpouecen KOHTPOJIEP C UHTETPUPAH MOIYJI 32 ABTOTYHHUT

PID perynatopure ca TpbOHAaKT Ha TIOBEYETO WHIYCTPUAIHU KOHTPOJHU CHCTEMH.
OnpenensiHETO HAa TEXHUTE MapaMeTPH € OT TosIMO 3HadeHue B mpodecrnoHanHaTa o0jacT Ha
yIpaBJICHUETO. 32 ONPOCTSBAHE HA TA3H 3a/la4a U HAMAJIIBaHE HAa HE0OX0AUMOTO BpeMe, MHOTO
cpBpemenHu PID perynatopu ca cHaOeHH ¢ Bb3MOKHOCTH 33 aBTOTYHHHT, T.€. 000pYyABaHH ca
C MEXaHU3bM, CIIOCOOEH aBTOMAaTHUYHO Jla HM3YMCIsABA ,,IIPAaBUJIHUTE" MapaMmeTpHu, KOratro
perynatopsT € CBbp3aH KbM mporeca. [lopanu 3HaunmMocTTa Ha mpodiieMa € pa3paboTeHo
roisiMo pasHooOpaszue ot PID aBTOTIOHMHT cHCTeMH, KOUTO ca HaJM4YHM Ha Tazapa. B
HacTosIlaTa CTaTHs € pasriieflaHa XapayepHo-copTyepHaTa peanu3alys Ha CHUCTeMa 3a
yIpaBJIeHUE Ha TEXHOJOTMYHU TMPOIECH, H3TpajiecHa BBPXYy MUKpokoHTposep ESP32. B
KOHTpOJIepa € MHTETPHpaH aJrOPUTHM 3a aBTOTYHHUHT, MO3BOJIABAIl ()MHATA HACTpOMKa Ha
apaMeTpUTe 3a IbJIEH KOHTPOJI BBPXY OTAETHU OOCKTM Ha TEXHOJOTMYHU NPOLECU B
XUMHUYECKATA, XPAHUTEJIHO-BKYCOBAaTa UHYCTPHUSI U IPYTH.

I'.8.11 Process controller with integrated autotunig module

PID regulators are the backbone of most industrial control systems. The problem of determining
their parameters, then, is of great importance in the professional control domain. To simplify
this task and reduce the time required for it, many PID regulators nowadays incorporate
autotuning capabilities, i.e. they are equipped with a mechanism capable of computing the
‘correct’ parameters automatically when the regulator is connected to the field. Due to the
importance of the problem, a very wide variety of PID autotuners have been developed and are
currently available on the market. In this paper is considered hardware-software realization of a
system for control of technological processes, building of a microcontroller ESP32 . In the
controller is integrated autotuning algorithm, allowing fine tuning of parameters for full control
over separate objects of technological processes from chemical, food processing industry and
etc.




I'.8.12 MoaesiHO npeacka3Baiio ynpapJjeHue 3a BAOPAIMOHEH 3aXPaHBaIl MOIY.JI

B cratusra e npencraBen cunte3 Ha CMPC koHTposieH OJ0K 3a BHOpaIlMOHEH MOAYJ 3a
NoJaBaHe W OpPUEHTHpPAHE Ha JeTailin. YCTPOHCTBOTO, MPEICTABISABAIO OOEKTa Ha
yOpaBlieHHE, ce pa3riexaa Karo JAByMacoBa pe3oHupamia cucrema. [Ipum Hanmuume Ha
napaMeTpuyuHa HEONPEAEIECHOCT € U3TPaJEH JIMHEEH MOJIEN Ha cCUcTeEMaTa B IPOCTPAHCTBO Ha
ChCTOsIHUATA. VI3BBPIIEH € aHamu3 Ha 3aTBOpEHATa CUCTeMa 3a POoOyCTHOCT, KOMTO IMOKa3Ba
poOyCTHUTE KauecTBa U CTAOMIHOCTTA Ha cucteMara, ocurypean or CMPC perynaTopa.

I'.8.12 Model predictive control of vibratory bowl feeder

In this paper, a synthesis of the CMPC control unit for a vibratory feeding and orientation
module is presented. The device representing the control object is considered as a two-mass
resonating system. In the presence of parametric uncertainty, a linear model of the system in
state space, is produced. A robust closed-loop analysis has been accomplished, showing the
robust quality and robust stability of the system provided by the CMPC controller.

I'.8.13 UHTeMreHTHA CHCTEMA 32 OKAYeCTBABAHE HA XPAHUTEJIHHM POAYKTH 0a3upaHa HA
esp32 U ra3oBHU CEHCOPH.

CBHHCKOTO MECO € cpeJl Hail-KOHCYMHpaHUTE MECHU MPOJYKTH Ha ma3apa. Bp3moxkHOCTTa 32
pa3BUTHE Ha HEXKEJIAaHW MHUKPOOPTAaHM3MH C€ YyBEIMYaBa 3HAYUTEIHO IPU HEMPABUITHO
chXxpaHeHue. B Hacrosimata paboTa ca IpeaCcTaBEeHH pe3yiTaTh OT HM3CIEBAaHE Ha TMPSCHO
CYypOBO MECO 4pe3 MHOTOCEH30pHA CHCTEMA ,,eJISKTPOHEH HOC™ 3a pErHCTPUPAHE HA TPOMEHU B
CchCcTOsIHUETO My. M3crmeaBaHusTa ca MPOBEACHH BBHPXY MPOOM CBHMHCKO MECO Ha PEIOBHU
WHTEPBAJIU TI0 BpEME Ha ChXpaHEHUE MPH ONPECTICHH YCIOBHS. 3a IIeTUTE Ha U3CIICABAHETO €
U3MOJI3BaHa KOMITIOThPHA CUCTEMa 3a ChOMpaHe Ha JaHHU U MOJYJI C Ta30BU CEH30pH, Oa3upaH
Ha MetaiokcuHu censopu Umweltsensortechnik GmbH (UST), I'epmanus. CrOpanute naHHU
ca KiacuuIpaHu 1 00pabOTEeHU Ype3 3KYCTBeHA HEBpOHHA Mpeska. C U3MON3BaHUTE TaHHU
HEBpPOHHATAa MpeXa € YCIEIIHO OoO0ydYeHa 3a pa3lo3HaBaHE IO CHhCTOSHUE W TIEPHUOa Ha
chbXxpaHeHne. Bb3 ocHOBa Ha pa3paboTeHHs KiIacH(PUKAMOHEH MOJAYJN TOYHOCTTa Ha
uneHtTudukanus Ha npobuTe HaaBuiiaBa 86%. PesynaraTuTe M0Ka3BaT BB3MOXKHOCTTA
mpeioKeHaTa CUCTeMa, Oa3upaHa Ha Ta30BH CEH30pH, Ja CE€ HW3MOJ3Ba 3a OIpeaessHe
CBCTOSIHUETO Ha CBHHCKOTO MECO.

I'.8.13 Intelligent system for qualification of food products based on esp32 and gass sensors

Pork is amongst the most consumed meat products offered on the market. The possibility for
development of undesirable microorganisms is significantly increased by incorrect storage. This
work presents results of a survey of fresh raw meat for registration of status changes by
multisensor system "electronic nose". Studies were carried out on samples of pork at regular
intervals during its storage under certain conditions. A computer-based system for data




collection and gas sensor module based on Umweltsensortechnik GmbH (UST), Germany metal
oxide sensors were used for the study. The data collected was classified and treated with an
artificial neural network. With data obtained neural network for recognition by state and period
of storage was successfully trained. Based on the classification module developed the obtained
identification of samples is more than 86%.The results prove the possibility of the proposed
system on the basis of gas sensors to be used to determine the state of pork.

I'.8.14 Hsaxou BBH3MOKHOCTH 32 P00ACTHO yNpaBJieHHE HA /IBOIHOAelCTBAIla BOJHA
TypOuHA

B crarusra e pazpaboTeH MaTeMaTUYECKU MOJIEIN, OIUCBAI paboTaTa Ha KPhCTOCAHO-IIOTOYHA
BoJHA TypOuHa. CuHTe3upaH e poOycTeH perynarop 4pe3 Hoo TexHuKH ¢ men 3aMsHa Ha
KOHBEHIIMOHAJIHUS PEryjaTop Ha BoAHara TypOuHa. [Ipexomnure mpouecu B cucremara ca
CPaBHEHM C TE3H, IIPU KOUTO ce u3noisBa kiacudecku PID perynarop. Cumynanuure ca
nposeneHu ¢ nomounra Ha MATLAB, a pesynrature nokaspar, 4e ood1aTa npou3BOAUTETHOCT
Ha cUcTeMara MoXke Ja 0bJie mojgodpeHa upes3 npeaiokeHoro Ho poOycTHO ynpaBieHue.

I'.8.14 Some Possibilities for Robust Control of a Double-Operating Water Turbine

A mathematical model describing the operation of the cross-flow water turbine has been
developed in this paper. A robust governor has been synthesized using Hoo techniques to replace
the conventional governor of the water turbine . The transient processes in the system are
compared to the processes where the classical PID controller is used. The simulations are carried
out using MATLAB and the results show that the overall system output performance can be
improved using the proposed Hoo robust governor.

I'.8.15 OTHOCTHO M3103JIBAHETO HA CYNEPKIBCTEPH B ABTOMAaTH3ALHUATA

B cratusita ce oOpblla BHMMaHUE Ha HapacTBallaTa HEOOXOJMMOCT OT YCTpOHCTBa 3a
BHUCOKOIPOM3BOAUTEIHN W34YUCIECHUA. V3MOI3BaHETO Ha MO-MOUIHM KOMIIOTBPHU CHCTEMH
HapacTBa ObpP30 NMOPaIU MOsiBaTa HAa HOBU MYJITHANCLHUIUIMHAPHU HAyYHH 00J1aCTH KaTo roJeMHu
JTaHHYW, KOMITIIOTBPHU CHUMYJIALlMU, U3KYCTBEH MHTENEKT U Apyru. [IpeacraseH e mperien Ha
TEHJCHIIMUTE B M3rPa)XJaHETO Ha cynepkibcTepu. M3cneaBaHu ca OCHOBHUTE acHeKTH Ha
TexHuss codryep. OOOOIIEHM ca JaHHM 3a MPOU3BOAMUTENHOCTTA W KOHCYMHpaHaTa
€JIEKTPOCHEPIusl CIOpe] pa3Mepa Ha KOMIIOTHPHUS KIBCTbp. C oOriies; Ha ChbBPEMEHHUTE
TEHJACHIIMM B aBTOMAaTH3alusATa ca JaJCHM HACOKM 3a MICTOTO Ha CYNEPKIBCTEPUTE B
YIPaBJIEHUETO HA TEXHOJOTUYHHU OOEKTH U MPOLIECH.

H I'.8.15 On the use of superclusters in automation




The paper draws attention to the growing need of high performance computing devices. The use
of more powerful computer systems is growing rapidly due to the appearance of new
multidisciplinary scientific fields such as big data, computer simulations, artificial intelligence
and others. An overview of the trends in the construction of superclusters is made. The main
aspects of their software have been studied. Data on performance and consumed electricity are
summarized according to the size of the computer cluster. In view of modern trends in
automation, guidelines are given for the place of superclusters in the control of technological
objects and processes

I'.8.16 U3cienBaHe U aHAJN3 HA TEXHUKH NPOTHB UHTEIPAJIHO HACHILIAHE B CHCTEMUTE 32
ylpaBJieHHe

B cratusTa ca npeacraBeHU HSIKOM OT OCHOBHUTE TEXHHKHU M CTPAaTErny 3a MPEJOTBpaTsIBaHE
HA WHTETPAIIHOTO HACHIAaHE B YIPABJIICHUETO Ha TeXHonorunuHu obektu. llpencraBenu ca
noapoOHN OJOKOBM CXEMH Ha pEaJM3UpaHUTE TEXHUKH MPOTUB HHTETPAIIHO HACHIIAHE.
[TpoBenenu ca cumynanuoHHU cxemu 3a PID ynpaBnenue Ha jguHeeH BHOpaIlMOHEH OYHKep.
[TorydyenuTe pe3yaTaTv ca MpeACTaBeHU rpaguuHo. V3BbpIIeH € aHanu3 U CpaBHEHHE Ha
0a3aTa Ha KAYECTBOTO Ha MOJTYYEHOTO YIPABIICHUE.

I'.8.16 Research and analysis of anti-windup techniques in the control systems

The paper presents some of the main anti-windup techniques and strategies in the control of
technological plants. Detailed block diagrams of implemented anti-windup techniques are
presented. Simulation schemes for PID control of a linear vibratory feeder have been performed.
The obtained results are graphically displayed. An analysis and comparison on the basis of the
quality of the received control is made.

I'.8.17 IlpencraBsine U cpaBHeHHe Ha copTyepHH MJIATGOPMH 32 MAIIIMHHO 00yUYeHH e

B craTtusra ce npaBu nperiien Ha HAKOU OT Hai-4ecTo M3MOJA3BaHUTE cOPTYEepHHU miIaTGopmu
3a MallMHHO OOydYeHHEe, CIOCOOHU Ja paboTAT Ha CymepKiIbcTepw, uirpaaeHu upe3 SBC.
[IpencraBen e 0030p Ha MPUIIOKEHHETO HA MAIIMHHOTO OOyueHHE B MPOM3BOJCTBOTO 3a
peliaBaHe Ha 3aJayd ¢ pa3nuueH xapakrep. [logpobHO ca pasrnemgaHu miuaThopMuTe 3a
nbnooko oOyuenune Keras, TensorFlow, PyTorch m Theano. M3BbpuieHO € aHATUTHYHO
CpaBHEHHME Ha BB3MOXHOCTUTE KM BH3 OCHOBAa Ha IMPEIUMCTBATa, HEJOCTAaTBIUTE U
(YHKIMOHAJIHUTE B3MOXKHOCTH Ha BCSIKA OT THAX.

I'.8.17 Introduction and comparison of software platforms for machine learning

The paper reviews some of the most commonly used machine learning software platforms that
have the ability to run on superclusters built by SBC. An overview of the application of machine




learning in production for solving problems of different nature is made. The Keras, TensorFlow,
PyTorch and Theano deep learning platforms are discussed in detail. An analytical comparison
of the capabilities based on the advantages, disadvantages and functional capabilities for each
of them, is made.

I'.8.18 JIaGopaTopHa MyJITH-areHTHA CHCTEeMa 3a ynpaBJeHHe Ha Tpaguka

[Tpo6ieMbT ¢ aBTOMOOUITHUS TpadUK U 3aIpbCTBAHUATA CTaBa Bce Mo-rojsim. Heobxoaumu ca
MEpKHU 32 HaMaJIsIBaHE HAa HATOBApBAHETO M YJIECHSIBAHE HA JIBUKECHUETO B TOJIEMHUTE TPAJIOBE.
Enun oT Bb3MOXKHHUTE MOAXO0U 32 o0siekuaBaHe Ha Tpaduka ce 0azupa Ha U3TPAKIAHETO Ha
WHTEJIUTCHTHH CHUCTEMH 3a YyIOpaBJIeHHWE Ha JBIKEHHETO. B cratusita e mnpeacraBeHa
CTpyKTypara u paboTara Ha Jab0opaTopHa MyJITH-areHTHA CUCTEMa 3a yrpaBJieHHe Ha Tpaduka.

I'.8.18 Laboratory multi-agent traffic management system

The problem of car traffic and traffic jams is getting bigger and bigger. Measures need to be
taken to reduce congestion and ease traffic in major cities. One possible approach to alleviate
the traffic burden is based on the construction of intelligent traffic management systems. This
paper presents the structure and operation of a laboratory multi-agent traffic management
system.

I'.8.19 IlpuJioxkenne Ha U3KYCTBEHH HEBPOHHM MPeKH 3a MpeAcKa3BaHe 100MBa HA MeJ
OT IMYeJIeH KoLep

B crarusra ce pasriexia Bb3MOKHOCTTA 3a PeCKa3BaHe Ha I00KMBa Ha MeJ1 OT ITYEJIEH KOllep,
MOCPEJICTBOM CHCTEMa 32 MOHMTOpPHUHT. Pa3paboTeHa e cucTtemMa 3a MOHUTOPUHI Ha I4YEJIEH
KOIllep B peaiHo Bpeme. V3MepBaHUTE BEIMYMHM ca TETJI0 Ha KOIllepa, BHHIIIHA U BbTPELIHA
TeMIeparypa ¥ BIaXHOCT. C 11eJ1 aBTOMaTU3UPAHE U ONTHUMHU3UPAHE HA TPUKUTE 33 MUEITHUS
komep ce usnoiazBatr MHM 3a npencka3zBane Ha TeryioTo Ha komepa. Pasrnexnanure MHM ca
NARX, NAR wu NIO. IlpeacraBeHn ca pe3yaTaTy OT peagHO IOJIY4YEHM JaHHM 3a
Ha0JII0/IJaBaHUTE BEJIMYMHU 110 BpEME Ha aKTHBHHS MEPUOJ HA PA3BUTUTE Ha MYENIeH KOIIep.
HanpaBeH e aHanu3 ¥ CpaBHEHUE HA PE3YJITATUTE OT IPUJIOKEHUETO HA PA3IMYHUTE BHUJIOBE
MHM 3a npeacka3BaHe Ha J0OMBA OT MeJ.

I'.8.19 Application of artificial neural networks for predicting honey yield from a beehive

The article examines the possibility of predicting honey yield from a beehive using a monitoring
system. A real-time beehive monitoring system has been developed, measuring parameters such
as hive weight, internal and external temperature, and humidity. To automate and optimize
beehive management, artificial neural networks (ANNs) are used to predict hive weight. The
ANNSs considered in the study include NARX, NAR, and NIO models. Results obtained from




real-time data during the active development period of the beehive are presented. An analysis
and comparison of the performance of the different types of ANNs in predicting honey yield are
also provided.

I'.8.20 Cucrema 3a MOHUTOPHMHI HA CHCTOSIHUETO HA MMYEJHU KOIIEPH NMpeIHA3ZHAYEHA 3a
NpWIaraie B NPenu3HOTO M4eJIapCcTBO

B crarusra e npeanokeHa cucreMa 3a MOHUTOPUHT Ha MapaMeTpUTe Ha MYETHUTE KOILIEPHU C
IeJl OCUTYpsIBAaHE HA BHCOKO 3/IpaBOCIOBHO CHCTOSHUE HA IMYETHUTE KOJIOHUH U 100D 100UB
Ha MYEJHU NpoaAyKTU. M3mosn3BaHata cucTemMa MO3BOJISIBA MPHJIAraHETO HAa METO/Aa Ha
MPEIU3HOTO MUenapcTBO B Komiepue. [IpennoxkeHusT noaxo/1 ocurypsisa cbOupane Ha JaHHU
OT KOIIIepH, Pa3IoJIOKEHU Ha OT/IaJeueHu MecTa Mpu TpyAHU ycaoBus. CucremaTa mpe1ocTaBs
uH(opMaIus 3a TETJI0TO Ha KOIIEepa, BHHIIHATA M BHTPEIIHATA TEMIEpaTypa U BIAKHOCT B
pearHo Bpeme. MoOHMTOpUHIrOBaTa cucTeMa Impeiara e(peKTUBEH Ha4YhH 3a JOCTBII,
BHU3yaJIU3allus U yIIPABJICHUE HA MOJYyUYECHUTE JaHHH upe3 o0auna cTpykrypa. [IpeacraBenu ca
pe3ylnTaTd OT peallHu JaHHU 3a HaOMoJaBaHUTE CTOWHOCTH Mpe3 aKTUBHHS MEpHUOi Ha
pa3BUTHE HA MTYEIHUS KOIIEP.

I'.8.20 Beehive condition monitoring system intended for application in precision
beekeeping

The paper proposes a system for monitoring the parameters of the beehives in order to ensure a
high health status of the bee colonies and a good yield of bee products. The used system allows
the application of the precision beekeeping method in an apiary. The proposed system enables
the collection of data from beehives in remote locations under hard conditions. The system
provides information on hive weight, external and internal temperature and humidity in real
time. The monitoring system offers an efficient way to access, visualize and manage the
received data by using a cloud structure. Results of actual data obtained for the observed values
during the active period of development of a beehive are presented.

I'.8.21 Cucrema 3a MOHMTOPHMHI HA CHCTOSIHMETO HA IMYEJTHH KOLIEPH, MPeJIHAa3HAYEHA 32
npujaaraie B M4eJapcTrBoTo

MenoHocHUTE MYENM ca €IHM OT Hail-BaXKHUTE HACEKOMHM 3a YOBEUIKOTO ChIlleCTBYBaHE. Te
UTPASIT KJIIFOYOBA POJISI KAKTO B TIPOM3BOJICTBOTO HA PA3IMYHU CEJICKOCTOIIAHCKH KYITYPH, TaKa
U B Pa3BUTHETO Ha MpUpPOJaTa Karo ILs10. B MOMEHTa MUETHHUTE KOJIOHUHU Cc€ CONBCKBAT C
MHOECTBO MPOOJEMH, CBBpP3aHU C KIMMATHUYHUTE TMPOMEHH, 3a00JSBAHHS, XUMHUYECKO
3aMbpCSIBAaHE M Hali-Beue YOBEUIKATa ACHMHOCT, Kacaella pa3BUTUETO, MPOU3BOACTBOTO M
yCTOWYMBOCTTA Ha MuenHaTa kojioHus. Llenta Ha Hacrosimata pa3paboTka € Ja MpenioxKu
pelleHre Wik MOHE YaCTUYHO Jla OBJIaJIee ONpeesieH! MPo0IeMH Ha MTUETHUTE ceMelcTBa 1Mo
BpeMe Ha TSIXHOTO Pa3BUTHE B aKTUBHUS TEPHUOJ, C MUHUMAIIHA Pa3XoAu Ha pecypcu. Te3um
npoOiieMd MOrar ja ce o0OoOHIIT KaTo: MpoOJIEeMH, CBBP3aHHM CBHC 3/IPABETO Ha KOIIepa,




npo0iieMd, CBbpP3aHU C Pa3MHOKABAHETO, W MPOOJIEMU, CBBbP3aHU C MPOU3BOACTBOTO Ha
ONpeJIeTICHU TYEIIHU MPOYKTH (ME]I, Mpalliel] ¥ BOCHK).

[Ipennara ce cucremMa 3a MOHUTOPUHI Ha HSAKOW MapaMEeTpU HA MUETHU KOJOHUU B PEasHO
BpeMme, OasmpaHa Ha OOJaYHU YCIIyTM M MHKPONPOIIECOPHA CHCTEMa C Ha0op OT CEH30pH.
[Tomyuyenata uH@opmanus MoXe Ja IMOANOMOTHE N4Yenaps Ja MpeArnpueMe HaBpEeMEHHU
JEHCTBHUS ¢ MUHIMAJICH CTPEC 3a MUeINTe B KoJloHusATa. Pazpaborenara cucrema e 6a3upana Ha
MukpokoHTposiep ESP32 u wu3mepBa OCHOBHM napaMeTpu, KaToO BBTpPEIIHA W BbHIIHA
TeMIIepaTypa, BIAKHOCT U TETJIO Ha Kolepa. JlaHHuTe ce ChXpaHsBaT B 00JavyHa CTPYKTypa C
no0pe paspaboreHa rpaduyHa cpefa 3a mnociensanl ananus. OThens ce BHUMaHHE Ha
€HEPTOCIECTABAHETO U KOMYHHUKAIUATA B TPYIHOAOCTHITHA MECTa U PAlOHU.

B crarusra ca ommcaHu moApoOHO apXWUTEKTypaTa Ha CHCTeMara M HeilHaTta peanu3aius.
Pazpaborenara cucrema MOXKe Ja C€ M3MOJ3Ba 328 MOHUTOPUHT Ha MPOU3BOJICTBOTO HA ME]I,
IPeIOTBpaTsABaHE HA MpoIieca Ha pOsiBaHEe, KAKTO U 3a MOJAbp)KaHe Ha BUCOKO 37PaBOCIOBHO
ChCTOSIHUE Ha MYEJHHUTE KoJIOHWHW. [lpencraBeHu ca pe3yinratd OT pealHd JaHHUA 3a
Ha0JI0/IaBaHUTE CTOMHOCTH Mpe3 aKTUBHUS MIEPUOJI Ha pa3BUTHE HA Koriepa. Upe3 TeXHUYECKU
¥ UKOHOMMYECKH aHaJIM3 Ca MPEJOCTABEHH JaHHU 32 IOCTUTHATUTE COIMATHO-MKOHOMHYECKH
pe3yJiTaTu.

I'.8.21 Beehive Condition Monitoring System Intended for Application in Beekeeping

Honey bees are one of the most important insects for hu man existence. They have a main role
in the production of various agricultural crops, as well as in the development of nature itself.
Currently, bee colonies are facing many problems related to cli mate change, diseases, chemical
pollution and most of all human activity regarding the development, production and
sustainability of the bee colony. The aim of the present development is to pro vide a solution or
at least to partially suppress certain problems of bee families during their development in their
active period, with a minimum expenditure of resources. These problems can be summa rized
as problems related to the health of the hive, problems related to reproduction and problems
related to the production of certain bee products (honey, pollen and wax). A system for
monitoring of some bee colonies parameters in real time is proposed, based on cloud services
and a microprocessor system with a set of sensors. The obtained information can help the
beekeeper take timely action with minimal stress to the bees in the colony. The developed sys
tem is based on an ESP32 microcontroller and measures basic pa rameters, such as internal and
external temperature, humidity and weight of the beehive. The data is stored in a cloud structure
with a good graphical presentation environment for the purpose of sub sequent analysis.
Attention is paid to energy saving and commu nication in difficult to reach places and regions.
The architecture of the system and its implementation are described in details. The developed
system can be used to monitor the production of honey, prevent the process of swarming, as
well as to maintain a high health status of the bee colonies. Results of actual data obtained for
the observed values during the active period of development of a beehive are presented. Through
the technical and economic analysis, information is given about the achieved socio-economic
results.




I'.8.22 UHTesIMreHTHA CHCTEMA 32 YIIPaBJIeHHEe HA CbOMPAHETO HA TBHPAH OTHAbIU

B crarudra e mnpexacraBeHa CTpyKTypaTa Ha HHTEIMIEHTHAa HWHTETpUpaHa cUcTeMa 3a
yIpaBJIeHUE Ha CbOMPAHETO HAa TBBPAM OTMAIbLM B IPaJCKa U Kpairpaacka cpena. Cucremara
MOYK€ aBTOMaTHYHO J1a MOJAbPKa HUBOTO HAa KOHTEHHEpUTE U Ja U3lpalla HHpopMauus KbM
cMeTochOupamuss KaMHOH. M3moisBaHuMTE TEXHOJOIMH B IIPEUIOKEHAaTa CHCTEMa ca
HOJXO/AIIM 32 OCUTYpsIBaHE Ha peajleH MOHUTOPUHT U YIIpaBJIeHHE Ha MPOLIECUTE 110 ChOUpaHe
Ha OTNAJbLH U 33 IOCTUTAHE HA T0-EKOJIOTUYHA CPEJa.

I'.8.22 Intelligent Management System for Collection of Solid Waste

The paper presents the structure of an intelligent inte grated system for managing the collection
of solid waste in urban and suburban environments. The system can automatically main tain the
box level and send information to the waste collection truck. The technologies used in the
proposed system are good need ed to provide real monitoring and management of waste
collection processes and to obtain a green environment.

I'.8.23 [IpunjiokeHne HA AITOPUTMH 32 CErMEHTHPAHe NPU PeKOHCTPYKUUATA Ha 3D cuena
0T M300pa’KeHu

Texnukata 3a 3D pexkoOHCTPyKLHMS Ha peajHd CLEHH OT H300pa’KeHHs IpeCTaBIsBa
SHAYUTCIICH HAIIPEAbK BBB BUSYAJIHUTC TCXHOJOIMM, KaTo MOpcjiara IOTCHOHUAI 3a
pa3paboTBaHe Ha MHOXKECTBO HOBHU MPHJIOKEHHUS B Pa3IMYHU HMHXeHepHH obusactu. Ilo
chlliecTBO 3D peKOHCTpyKLUUATAa OT U300paXKeHHsI € KOMIIOTbPEH IpPOLEC, KOUTO M3I0JI3Ba
Ha0Op OT IByMEpPHH M300pakeHUs!, 3aCHETU MOJI PA3IMYHU BIJIM U MO3UIIMH, 32 J]a Ce Ch3/ajle
TPUHU3MEPEH MOJET Ha CIieHaTa Win oO0ekTa. Upe3 aHanu3 Ha XapaKTEPUCTUKH KAaTO KIIFOUOBU
TOYKH, CPAaBHSABAHE HA TEXHUTE MO3MLIMU M TMpHJIaraHe Ha T€OMETPUYHM NPUHIMIHU, TO3H
nporec TpaHchopMupa H300paKEHUATA B TPHUU3MEPHH IPEICTABSIHUA ChC MPOCTPAHCTBEHA
uHpOpMaIus.

Cnoxnoctra Ha 3D pekoHCTpyKIMATa Ha CIEHa OT H300paXeHHus MPOU3THYA OT
HEOOXOIMMOCTTa J1a C€ OTKPHUAT TOYKM HAa HMHTEpeC, Jla Ce ChIIOCTABAT W MPOCIEAST T€ B
PA3INIHUTEC I/I306pa)KeHI/I$I, KaKTO U Jia CC aHaJIu3rupaT u 06GI[I/IH5[T MHOXXCCTBO BU3YaJITHU JaHHU
OT pa3IMyHM NepCcHeKTHBU. B cTatusTa ce mpeanara U3Mnoy3BaHETO Ha MO-MPOCTU alTOPUTMHU
3a 00paboTKa Ha N300pa)KeHUs ¢ 11eJ1 T0Jy4YaBaHe Ha IIOBeUe TOUKU Ha HHTEPEC, OCUTYpABANKU
no-toueH 3D mozen 6e3 ma ce HaTOBapBa MPOLECHT HAa PEKOHCTPYKIMS C KOMILJIEKCHU
W3YUCIATEIHU NIPOLETYPH.

Pasrnenanure MeToaM pealn3upar CerMEHTalMs Ha M300paXKeHHs upe3 IbpBUTE M BTOPHUTE
NPOM3BOIHU Ha (DYHKIMTAa HA HHTEH3WBHOCTTA HA N300payKEHUETO 32 OIPEIEIISTHE U OTIEIISTHE
Ha ppOOBe M rpanuny. IIpencraBena e nmpakTuyecka peanusanus Ha 3D pekoHCTpyKUus Ha
peaTHM CIIeHU OT M300pakeHus B cpenata Matlab. B peanuzamusra ce u3mosi3Bat anropuTMu,
0a3upaHy Ha MBPBUTE W BTOPUTE MNPOU3BOAHM Ha (YHKIMSATa Ha WHTEH3MBHOCTTA Ha
M300paXXeHHNETO, 3a Jla ce MOCTUTHE MO-r'bCT 3D Mozen upe3 cerMeHTaus Ha U300pakeHusATa
3a OTKpUBaHE Ha pbOOBE M IPAHUIIH.




I'.8.23 Application of Segmentation Algorithms in the Reconstruction of a 3D Scene from
Images

The technique of 3D reconstruction of real scenes from images represents a significant
advancement in visual technologies, offering the potential for the development of numerous
new appli cations in various engineering fields. In general, 3D reconstruction from images is a
computer process that utilizes a set of two-di mensional images captured from different angles
and positions to create a three-dimensional model of the scene or object. By ana lyzing features
such as key points, comparing their positions, and applying geometric principles, this process
transforms the images into three-dimensional representations with spatial information. The
complexity of 3D scene reconstruction from images arises from the need to detect points of
interest, match and track them across different images, as well as analyze and merge multiple
visual data from different perspectives. This article proposes the use of sim pler image
processing algorithms to obtain more points of interest, providing a more accurate 3D model
without overburdening the re construction process with complex computational procedures. The
investigated methods implement image segmentation through the f irst and second derivatives
of the image intensity function to deter mine and separate edges and boundaries in the image. A
practical implementation of 3D reconstruction of real scenes from images in the Matlab
environment is presented. In the implementation, al gorithms based on the first and second
derivatives of the image intensity function are used to achieve a denser 3D model by seg menting
images to detect edges and boundaries. The investigated algorithms are implemented in the stage
of discovering properties in the image. Some of the most well-known algorithms have been
tested and compared with the use of the standard SURF algorithm. The algorithms from this
class have significantly improved results, with the density of the 3D model increased several
times compared to the number of generated points, and in some cases, the execu tion time
remains the same relative to the percentage ratio of the generated 3D points.

I'.8.24 Hucko00a:keTHA cHCTeMa 32 MOHMTOPHHI HA 3iPABEeTO HA OpeMEHHH KEHH

MOHUTOPHUHIBT Ha 37PAaBETO Ha OPEMEHHUTE J)KEHU € OT ChILIECTBEHO 3HAYCHHE 32 OCUTYPsIBaHE
Ha Oe3omacHa u ycneiiHa OpeMeHHOCT. B crartusra e npencraBeHa pazpaboTkaTa Ha cucTeMa 3a
MOHMTOPHHTI, M3MI0J3Bama MHUKpokoHTposnep ESP32 3aenno cbc ceHzopute MAX30205,
MAX30100 u BME680. ESP32 cnyxu kaTo OCHOBEH MOJAYJ 3a ChOMpaHe W Mpe/aBaHe Ha
nanau. CenzopbT MAX30205 mpenoctaBsi TOYHH M3MEpPBaHUs Ha TeMIIeparypara B peaiHO
BpemMe, nokato BMEG680 u3mepBa kirouoBH (DakTOpu Ha OKOJIHATa Cpela, KaTo BIAXKHOCT,
HaJIsiTaHe U CHIIPOTHBICHUE Ha razosere. Jonmbiaauteano, MAX30100 crenu mysnca u HEUBaTa
Ha KUCI0poJ B KpbBTa. KOMOMHAIMATA OT T€3U CEH30pH MO3BOJISABA ISNIOCTEH MOHUTOPUHT Ha
3/IpaBOCJIOBHOTO ChCTOSIHME HA OpEMEHHUTE JKEHH.

I'.8.24 Low-Cost System for Monitoring the Health of Pregnant Women

Monitoring the health of pregnant women is essential for promoting a safe and successful
pregnancy. This paper presents the development of a monitoring system using the ESP32 micro
controller, along with the MAX30205, MAX30100, and BME680 sensors. The ESP32 acts as
the core unit for data collection and transmission. The MAX30205 sensor provides precise real-




time temperature readings, while the BME680 measures key environ mental factors such as
humidity, pressure, and gas resistance. Ad ditionally, the MAX30100 monitors pulse rate and
blood oxygen levels. Together, these sensors enable comprehensive health moni toring for
pregnant women.

I'.8.25 Mopenupane u naeHTH(QUKALUS Ha cepBo 3aaBuxkBane DM S2006MD

B craTusra e npeacTaBeHO MaTEMAaTHYECKO ONMCAHUE Ha cepBo 3a1BrkBaneTro DM S2006MD
U Ha HeroBara 0Oa3za e cw3mazeH Mmognen B Simulink. M3pepmena e uneHtudukanus Ha
MIPEABAPHUTEIIHO HEU3BECTHUTE IMapaMeTpH Ha 3a/JBMkBaHeTo. [IpoBefeHU ca eKCnepruMEHTH
KAaKTO C MOJIeJa, TaKa M C peaHusi MOTOp, KaTo MOJyYEHHUTE PE3YyJITaTH ca CPAaBHEHHU.

I'.8.25 Modeling and identification of the DM S2006MD servo drive

The article presents a mathematical description of the DM S2006MD servo drive, and a
Simulink model based on it has been created. Identification of the previously unknown
parameters of the drive has been carried out. Experiments were conducted with both the model
and the actual motor, and the results were compared.

I'.8.26 Onpenesisine mnapaMeTpuTe HA IBHKEHHE HA 6 0CEH MAHHUITYJIATOP

B cratusara ce pasriexxgaT HSKOM METOIM 32 KOOPAMHATHO MO3UIIMOHHMpaHe Ha OOEKTH C
peanuzanus B cpenara CodeSys. B mporieca Ha KOOpAMHATHO MO3UIIMOHUPAHE € HEOOX0IUMO
Jla ce MPEMECTH OOEKT B MPOCTPAHCTBOTO OT CHIIECTBYBAIlla HauajaHa MO3UIMS 10 3a7a/eHa
KpaifHa TO3WIHs, KaTo IIOJIO)KEHHETO Ha O0EKTa BBB BCEKM CIy4ail ce Ompenens OT
KOOpJMHATUTE HA ChOTBETHUTE MYy TOYKH.

I'.8.26 Determining the movement parameters of a 6-axis manipulator

This article discusses some methods for coordinate positioning of objects with an
implementation in a CodeSys environment. In the process of coordinate positioning, it is
necessary to move an object in space from an existing initial position to a specified final
position, the position of the object in each case being determined by the coordinates of its
corresponding points.

I'.8.27 TexHukH NPOTHB MHTErPAJHO HacuIiaHe npu peaausauus Ha IIU/] peryiarop B
NMPOCTPAHCTBO HA CbCTOSATHUATA




B craTusita ce pasriexaa npoekTUpaHeTo u uzcieaBaHetro Ha PID perynaTtop B mpocTpaHCTBO
Ha chcTOsIHUATA. OOCHKIAT C€ HAKOU OT OCHOBHUTE MPEIUMCTBA U HEOCTATHIUA HA TO3U TUI
perynaropu. [longpo6Ho e nmpeacTaBeH NpoOIeMbT C HHTETPATHOTO HACUIIIAHE, 3a€THO C HIKOU
KJIIFOYOBM TEXHUKA U CTpaTEeruu 3a MpeJOoTBpaTsiBaHe Ha MHTETPAIHO HACUIIAaHE B
YOpaBIEHUETO HA TEXHOJOTWYHHM cucteMu. lIpegocraBeHu ca moAapoOHHU OJIOKOBU CXEMHU U
HAKOW (PYHKIMOHAIHMA 3aBUCUMOCTH HA pEaTM3UPAHUTE TEXHUKUA TMPOTUB HWHTETPATHO
Hacuiane. Peanusupanu ca cumynanuonnu mozenu 3a PID ymnpaBnenue Ha BuOparyioHeH
koHBelep. [lomydeHuTe pe3ynTaTv ca MPEACTaBeHU TpadUUHO, a CHIIO TaKa € H3BBPIICH
aHaJIM3 U CpaBHEHHE Ha 0a3aTa Ha KAYeCTBOTO HA MMOCTUTHATOTO YIIPaBJICHUE.

I'.8.27 Anti-windup techniques in state-space form of PID controler

The paper discusses the design and research of a PID controller in state space form. Some of
the main advantages and disadvantages of this type of controller are examined. The issue of
integral windup is presented in detail, along with some of the key anti-windup techniques and
strategies in the control of technological systems. Detailed block diagrams and some functional
dependencies of the implemented anti-windup techniques are provided. Simulation models for
PID control of a vibrating conveyor have been implemented. The obtained results are
graphically pre sented. An analysis and comparison based on the quality of the achieved control
are performed.

I'.8.28 Pa3paGorBaHe m u3cjeABaHe Ha AJrOPUTMHU 32 OM3HEC AHAJM3 4Ype3 U3KYCTBEH
HHTEJIeKT

B craTtusra ce pasrnexa pa3paboTBaHETO M BHEAPSABAHETO Ha AJITOPUTMU 3a OUM3HEC aHAlu3,
OasupaHu Ha M3KycTBeH MHTeNeKT. [IpoyuBaHero ce gokycupa BbpXy noreHuuansa Ha Al B
NpeJUKTUBHATA aHAJIMTHKA, B3€MAHETO HA PEIICHUS U ONTUMU3AIMATa Ha OU3HEC MPOLIECUTE.
AHanmv3upaHy ca KIOYOBU TEXHOJIOTHH KaTO MAIlMHHO 00yueHue, 00paboTKa Ha €CTeCTBEH
€3UK M U3BJIMYaHE Ha JaHHU. M3cieaBaHM ca MpakTHUECKUTE MPUIIOKEHUS B CEKTOPU KaTo
(¢uHaHCH, MApKETHUHT U YNpaBJiIeHHE HAa BEpUTH 3a JocTaBKu. [loguepraBa ce BIMSHHUETO Ha
peuenus, 6asupanu Ha Al, BbpXy MoBHUIIaBaHETO Ha e()eKTHBHOCTTA Ha OM3HECA U TOYHOCTTA
Ha B3eMaHUTe pemieHus. [IpencraBenu ca pe3yaTaTd OT peajlHu Ka3yCcH, KOUTO MOTBbPKIaBaT
epexTuBHOCTTA Ha Al B clI0%KHH OM3HEC CPEIH.

I'.8.28 Development and exploration of algorithms for business analysis using artificial
intelligence

The paper discusses the development and implementation of artificial intelligence algorithms
for business analytics. The study focuses on the potential of Al in predictive analytics, decision-
making, and optimization of business processes. Key technologies such as machine learning,
natural language processing, and data mining are analyzed. Practical applications in sectors like
finance, marketing, and supply chain management are explored. The impact of Al-driven
solutions on improving business efficiency and decision accuracy is highlighted. The results




from real-world case studies are presented, confirming the effectiveness of Al in complex
business environments.

I'.8.29 U3no/13BaHe HA M3KYCTBEHU HEBPOHHU MPEKU NMPHU ANIPOKCUMHUPAHETO HA CHCTEMH
4ype3 OPTOHOPMAJIHU (PYHKIIUU

B nHacrosmara cratus ce pasriexja Ao0pe Io3Hara Ipoleaypa, M3IO0I3BaHa B PA3JIMYHU
Hay4HM o00jacTu — ampokcumanusaTta. Ilo-KOHKpeTHO, aHauu3upa ce MPUIOKEHHETO Ha
JlareppoBu OPTOHOPMAJIHH (YHKIHMU TPH ANPOKCHMHUPAHETO HAa MPEXOAHH M WMITYJICHU
XapaKTepUCTUKM Ha JuHaAMM4YHM cucteMud. Oco0eHo BHUMaHHME c€ OTAeNns Ha
NpeIM3BUKATENICTBATA, CBbP3aHU C U3IOJ3BAHETO Ha Te3U (DYHKIIMU B KOHTEKCTA Ha CHHTE3 Ha
MoJiestHO npezackaszBaino ynpasienue (MPC). Te3n npenn3BukarencTa BKIIOYBAT ONPEIEIISIHE
Ha CcKaaupamus KoeQUUHUEeHT, Opos Ha OpPTOHOPMAIHUTE (YHKUMHM M HU3YUCIABAHE Ha
Koe(UIMEHTUTE Ha pa3jaraHe, KOeTo Cbh3/1aBa AON'BJIHUTEIHU TPYIHOCTH IIPU MOJIEIMpPAHE Ha
CHCTEMHU C IapaMETPUYHA HEOIIPEAEICHOCT.

3a mpeojoNsBaHE Ha TEe3W MPEJU3BUKATENICTBA CE Ipejsara M3IMO0J3BaHETO HAa H3KYCTBEHU
HeBpoHHU Mpexku (ANN) 3a aBTOMaTUyHO reHepupaHe Ha KOCPUIIMEHTUTE Ha pasjiaraHe Ha
JlarepoBute QpyHKIUU. BMECTO IUPEKTHO allpOKCHMUpPaHE HA UMIYJICHUTE XapaKTEepUCTUKH Ha
CHCTEMUTE, KOETO BKJIOYBA 3HAYUTENIHA U34YMCIAUTENHA ciaoxkHOCT, ANN ce u3nonssar 3a
npeJcKa3BaHe HAa ONTHUMAJIHUTE KOe(hUIIMEHTH Ha pa3jiarale, KaTo 1o TO3W HauMH ce HamallsiBa
BPEMETO 33 U3YMCIICHHUE U CE€ TIOBUIIABA TOYHOCTTA.

B pamkuTe Ha H3clieABaHETO ca MIPOBEACHU CUMYJIAIMH 32 allPOKCUMAIUS HA CUCTEMH C HUCHK
Y BHCOK P€Jl C pa3JINYHU HUBA HA ITapaMeTpUYHa HEONpeesIeHOCT. Pe3ynraTuTte JeMOHCTpUpaT
3HAYUTEIHO MOJOO0pEeHHe B TOYHOCTTA Ha alpOKCHMAIMATa MPH M3IMOJI3BaHE HA HEBPOHHU
MpEXH B CpPaBHEHHME CbC CTAaHJApPTHUTE METOJIM 3a HU3YUCIECHHE Ha KOEe(pUIIMEHTUTE.
[IpencraBenu ca rpaduyHd pe3yinTaTH OT alpOKCUMAlMATA 3a PA3IUYHU CTOWHOCTH Ha
CKajupauys Koe@UIMEHT W Opos Ha OpPTOHOPMAIHUTE (YHKIMM, KaTO Cc€ aHaJu3upa
BIIMSTHUETO UM BbPXY I'DELIKaTa Ha allpOKCUMALIMSATA.

VYcTaHOBEHO €, 4e Mpu MpaBUIHO OOy4YEeHHE Ha HEBPOHHUTE MPEKM MOrar Jla c€ MOCTHTHAT
3HAYUTEIHU MOJOOpPEHUss B Mpolleca Ha anpoOKCHMAIUs, KOETO TM TMpaBH MOAXOIAIIM 32
BHE/IPSIBAHE B CHUCTEMM 3a YIpaBI€HHE B pealHo BpeMme. llpeanoxeHara MeETOAONIOTHs
pasiupsiBa NpUIOKUMOCTTa Ha JlarepoBuTe (QpyHKIIMHM B MOZJEITHO MPEICKA3BaIll0 yIpaBlieHHEe
U OcUrypsiBa epeKTHUBEH M0IX0/1 32 00paboTKa Ha CUCTEMU C HEOIPEEIEHOCTH.

I'.8.29 Using Artificial Neural Networks in System Approximation through Orthonormal
Functions

The present article examines a well-known procedure used in various scientific fields —
approximation. Specifically, it analyzes the application of Laguerre orthonormal functions in
the approxima tion of transient and impulse responses of dynamic systems. Partic ular attention
is given to the challenges associated with using these functions in the context of model
predictive control (MPC) synthesis. These challenges include determining the scaling factor,
the num ber of orthonormal functions, and the calculation of decomposition coefficients, which
create additional difficulties when modeling systems with parametric uncertainties. To




overcome these challeng es, the use of artificial neural networks (ANN) is proposed for the
automatic generation of the decomposition coefficients of Laguerre functions. Instead of
directly approximating the impulse responses of systems, which involves significant
computational complexity, ANN is employed to predict the optimal decomposition coefficients,
there by reducing computational time and improving accuracy. As part of the study, simulations
were conducted for the approximation of both low- and high-order systems with different levels
of paramet ric uncertainty. The results demonstrate a significant improvement in approximation
accuracy when using neural networks compared to standard coefficient computation methods.
Graphical representa tions of the approximation results for different values of the scaling factor
and the number of orthonormal functions are provided, ana lyzing their effects on approximation
error. It has been established that, with proper training of neural networks, significant improve
ments in the approximation process can be achieved, making them suitable for implementation
in real-time control systems. The pro posed methodology extends the applicability of Laguerre
functions in model predictive control and provides an efficient approach for handling systems
with uncertainties.

I'.8.30 IIpunoxenne nHa agantuBeH Hespo-IIM/{ perynarop mnpu ynpapjieHue Ha
€JIeKTPOXUAPABJIHYHA CHCTEMA

B crarusTa e npencraBeHa npakTUyecka peannsanus Ha anantused HeBpo-111/[ perynarop 3a
yOpaBJI€HUE HAa HEJIMHEWHA eJNEeKTPOXUIpPABIMYHA CUCTEMA. 3a IMPEojoJsiBAaHE Ha
MpEeAN3BUKATEICTBAaTa, CBBbP3aHU C YINPABIECHUETO HAa TO3M TUII CUCTEMH, C€ Ipenajara
onTuMH3aTOp, 0a3MpaH Ha HEBPOHHA MpEXka, 3a (UHA HAcTpoiika Ha mapamerpute Ha [TN]]
perynaropa. [IpoekTupaHusaT perynaTop uMa mpocra CTPyKTypa U OTHOCUTEITHO MalbK Opoit
perynupyemMu napamerpu. EKCIEepUMEHTaNIHUTE pe3yiTaTd, MOJYYEHH 4Ype3 CHCTeMa 3a
chOUpaHe W yIpaBlieHHE Ha JIaHHU B PEaTHO BpeMe, JIEeMOHCTpUpAT ePEeKTUBHOCTTA Ha
BHEJIPEHOTO YIIPABJICHHUE.

I'.8.30 Application of an adaptive neuro-pid controller for the control of an
electrohydraulic system

The paper presents a practical implementation of an adaptive neuro-PID controller for
controlling a nonlinear electro-hydraulic system. To address the challenges associated with
controlling such types of systems, a neural network-based optimizer is proposed to fine-tune the
parameters of the PID controller. The designed controller has a simple structure and a relatively
small number of adjustable parameters. The experimental results, obtained through a real-time
data acquisition and control system, demonstrate the effectiveness of the implemented control.

I'.8.31 PaspaGorBaHe Ha TecTOBe 32 NPOBEPKA Ha EJCKTPHYECKATAa CBBP3aHOCT NPH
NPOCKTHPAHETO HA CEH30PH, 0a3MPAHHM HA HHTerpaJHu cxemu - [IbpBa yacr




B crarusra ce npeacrass pa3paboTkaTa Ha aBTOMaTU3UPAHU TECTOBE, HACOYEHH KbM IIPOBEPKa
Ha €JIEKTPUYECKUTE BPH3KH U MMapaMeTPUTE Ha YCTPOMCTBaTa MO BpEME Ha IPOCKTUPAHETO HA
unrerpanau cxemu (MC), ¢ pokyc Bepxy LVS (Layout vs Schematic) npoBepka B cpenara 3a
npoekTrpane Cadence. OcHOBHATa 1€ Ha U3CJIECIBAHETO € Ch3JaBAaHETO Ha Ha/eXJeH HAabop
OT TECTOBE 3a BauaupaHe Ha pusndeckara peanusanus Ha MC B CMOS TexHomorus, KaTo ce
rapantupa, 4e guandeckoro odopmiieHHE Ha YUIa CHOTBETCTBA TOYHO HA JIOTHUECKUS MY
IV3alH.

TecToBeTe ca mpeaHa3HAYCHH Ja aBTOMATU3UPAT MPOBEpPKATa HA KPUTHUYHU €JIEMEHTH, KaTo
BpB3KH, ycTpoiictBa, MOS TpaH3UCTOPH, PE3UCTOPH M OTKPUMBAHE HA KBHCU CHEIUHEHUS.
[Tpunaranero Ha T€3W TECTOBE 3HAYUTEIHO MOJ00PSIBA HAICKTHOCTTA U MPOU3BOAUTEITHOCTTA
Ha MC, xato HamamnsiBa BepOATHOCTTA OT Je(heKTHU MPH MACOBO MPOU3BOJACTBO. AHATU3BT Ha
pe3yaTaTuTe OT Mpolleca Ha MPOBEpPKa JAEMOHCTPHUpPA 3HAUYECHUETO Ha aBTOMATU3UPAHUTE
MPOBEPKM 3a TMOBMILIABAaHE HA KayecTBOTO M e(deKTUBHOCTTa Ha pa3paborkara Ha UC,
OCUTYPSIBAKM CHOTBETCTBUE MEXKIY JIOTUYECKUS TU3aiH U HU3HUYECKOTO OopMIIeHHE, KaTO
CHIIIEBPEMEHHO MUHUMU3HPA TPEIIKUTE MO0 BpeMe Ha MPOU3BOJICTBEHUS €Tall.

I'.8.31 Development of electrical connectivity verification tests in the design of integrated
circuit-based sensors - Part 1

This paper presents the development of automated tests aimed at verifying electrical connections
and device parameters during the design of integrated circuits (ICs), with a focus on LVS
(Layout vs Schematic) verification within the Cadence design environment. The primary goal
of this work is to create a robust suite of tests to validate the physical implementation of ICs in
CMOS technology, ensuring that the physical layout of the chip accurately corresponds to its
logical design. The tests are designed to automate the verification of critical elements, such as
connections, devices, MOS transistors, resistors, and the detection of short circuits. By applying
these tests, the reliability and performance of the ICs are significantly enhanced, reducing the
likelihood of defects in mass pro duction. The analyzed results from the verification process
demonstrate the importance of automated checks in improving the quality and efficiency of IC
development, ensuring alignment between the logical design and phys ical layout, while
minimizing errors during the manufacturing phase.

I'.8.32 Pa3zpaGoTBaHe Ha TecTOBe 3a NMPOBEPKa HAa eJEeKTPHUYECKATA CBBP3AHOCT NPH
NMPOEKTHPAHETO HA CEH30PH, Da3MPAHU HA HHTErpaJHu cxemu - Bropa yact

[IpoBepkaTa Ha MHTETPAIHU CXEMH 4Ype3 CpPaBHSABAHE Ha CXEMHHMs AM3ailH M (U3NYECKOTO
oopmieHre € KPUTHYEH €eTall 32 OCUTYpsBaHE Ha KOPEKTHOCTTa W HaJISKTHOCTTa Ha
MukpouunoBete. Hactosmusar ananu3 ce (okycupa BbpPXYy OCHOBHUTE THUIIOBE TIpEIIKH,
oTtkpuBanu no Bpeme Ha LVS (Layout vs. Schematic) nmpoBepku, u TeXHUTE MOTCHIMATHU
nocneactsus. Cpen Hail-cepro3HHUTE MPOOJIEMU ca KbCUTE ChEIUHEHHs, KOUTO Morar Ja
JI0BEZAT 10 OBPEH, IPEKOMEPHA KOHCYMAllUsl Ha EHEPTUs U JIOTMYECKU TpelKu. J[pyru yecto
CpelIaH! HEChOTBETCTBHS BKJIIOYBAT JIMIICBAIlM BPBH3KH, HEMPaBWIHU KOMIIOHEHTH,
napaMeTpUYHU OTKJIOHEHUs (HampuMep pa3iMKHU B pa3MepuTe Ha TPaH3HCTOPHUTE), IJIABAIIU




BB3JIU, HECHOTBETCTBUS B HepapXUUHUTE MOPTOBE, HECHOTBETCTBUE HA MMEHATa Ha MPEKUTE,
JUTICBAIIN YCTPOMCTBA U HEMOIbPKAHU CTPYKTYPU B OPOPMIICHHUETO.

LVS uHCTpyMEeHTHUTE aBTOMAaTHU3MpAT OTKPUBAHETO HA TE3U TIPEIIKH Ype3 CpaBHSBaHE Ha
CIICKTPUYECKUTE MPEKU M TMapaMeTpuTe MEXIy cxemara u (usmdeckoto odopmiieHue. B
CTaTHsTa € TMpeACTaBeH IMpuMepeH anropuTbMm 3a LVS, OGasupan Ha mnpaBuna, 3a
uacHTH(GHUIMPaHE HA KbCU ChSTUHEHUS, IEMOHCTPHUPAII TIPOBEPKATa HA KPUTHIHH MPEIKHU KaTo
3axpanBan (VDD/GND) u curnanau cimoeBe. OCBEH TOBa c€ 00CHKIAT BU3yalln3aIusaTa Ha
IPEIIKUTE W BB3MOXHOCTUTE 3a aBTOMATUYHO KOpurupasne. Pesynrarure mnopuepraBaT
HeoOXoauMocTTa OT CTpUKTHH LVS mponeaypu 3a mpenoTBparsBaHe Ha MPOU3BOJCTBEHU
nedexkTd U QYyHKIMOHATHN HEU3MPABHOCTH, OCOOCHO MPH MPOCKTHPAHETO HA aHAIIOTOBU U
BHCOKOUYECTOTHU CXEMHU, KBJETO AOPH MaJK{ OTKJIIOHEHHs] MOraT Jia I0BeJaT A0 3HAaYUTEITHU
Ipo0JIEMH C IPOU3BOAUTEIHOCTTA.

I'.8.32 Development of electrical connectivity verification tests in the design of integrated
circuit-based sensors - Part 2

Verification of integrated circuits by comparing schematic design and physical layout is a
critical stage in ensuring the correctness and reliability of microchips. The current analysis
focuses on the main types of errors detected during LVS (Layout vs. Schematic) checks and
their potential consequences. Among the most serious issues are short circuits, which can lead
to failures, excessive power consumption, and logic errors. Other common discrepancies include
missing connections, incorrect components, parametric deviations (such as differences in
transistor sizes), floating nodes, hierarchical port mismatches, net name inconsistencies, missing
devices, and unsupported layout structures. LVS tools automate the detection of these errors by
comparing electrical nets and parameters between the schematic and the physical layout. The
article presents a sample rule-based LVS algorithm for identifying short circuits, demonstrating
the verification of critical nets such as power (VDD/GND) and signal layers. In addition, it
discusses error visualization and capabilities for automatic correction. The results emphasize
the necessity of rigorous LVS procedures to prevent manufacturing defects and functional
failures, especially in the design of analog and high-frequency circuits, where even small
deviations can lead to significant performance issues.

I'.8.33 CmapT npujio:keHHe 3a HACTPOiika Ha paGOTHU MapaMeTpH Ha eKCTpydep 3a
TJIACTMACOBH W3/1eJIUsl

B mHactrosmoTo wu3cnenBaHe ce pasriexaa paspaborkara Ha Android mnpuioxxeHue,
mpeIHa3HaueHo 3a KOH(PUTypupaHe Ha MapaMeTpUTe Ha MalllHa 33 eKCTPY3Us Ha TIaCTMACOBH
uznenusi. [IpencraBeH e mperien Ha TMPOM3BOJICTBEHATA JIMHMS, OpraHM3alusATa Ha 0Oasara
JAHHU 32 KaTuOpUpaHe U METOAUTE, U3IOJI3BaHH MPHU MPOCKTHPAHETO U MPOTPAMHUPAHETO HA
Android mpus10’K€HUETO.




I'.8.33 Smart application for configuring operating parameters of a plastic extruder

This study examines the development of an Android application designed for configuring the
parameters of a plastic extrusion machine. An overview of the production line, the organization
of the calibration database, and the methods used in the design and programming of the Android
application is provided.




